



























































Out of the IMoss research lab 
has passed the most extensive line 
of valves in the air control world 











Fast valves manifolded 


The PACER 4-way gives 1000 
cpm and more, has all JIC 
features, is built for super long 
life. Manifold as many as you 
please. One air supply, one 
exhaust. 





For greater press safety 


The Non-Tie-Down valve is 
designed to protect the press 
operator’s hands. Requires the 
operator to activate two sepa- 
rate valves continuously dur- 
ing a machine's cycle. 





Overriding cam 
operation 

The PCB valve—A !;”" valve 
with low minimum operating 
pressure—5 psi to 125 psi— 
that is fast operating and rug- 
gedly built. Overriding cam 
activates valve from one direc- 
tion only. 


Air operation with 
momentary action ona 
4-way, 5-port 


Need to send a cylinder home 
hard but return it softly ... or 
vice versa? This 4-way, 5-port 
lets you supply two different 
pressures to the cylinder. And 
the air index adaptor gives you 
momentary action. The main 
valve reverses and stays put with 
each air impulse delivered to the 
air operated head. 


For more information write us, 
or contact your nearby 

Ross representative. See our 
digest catalog in Sweet's 


THE WORLD'S MOST COMPLETE LINE OF AIR CONTROL VALVES. AVAILABLE ALL OVER THE FREE WORLD. 


I<oss OPERATING VALVE COMPANY 


114 E. GOLDEN GATE e DETROIT, MICHIGAN 
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SHUTOFF 
) 1500 PSI... 


WITH ASCO’S 2-WAY HIGH PRESSURE SOLENOID VALVES 


The ASCO Bulletin 8223 solenoid valve is a heavy-duty 
type designed for tight shutoff at high pressures. It is espe- 
cially suited to hydraulic applications, such as hydraulic 
lifts and elevators — and missile launching platforms. 


Features: 
@ Operates in any position 


@ Operating Characteristics: Pressures to 1500 PSI. 


Temperatures to 200°F. Pipe Sizes—'2” to 4”. 

@ Low Power Consumption: Continuous Duty Coils 
rated 10 watts D-C; 10.5 watts A-C. 

@ Standard, Watertight or Explosion Proof Solenoid 
Enclosures: May be rotated 360° for easy installation. 

@ Large flow capacity: Valve will handle air, gas, water, 
light oil and other non-corrosive fluids. Available nor- 
mally closed, valve features teflon disc and stainless 
steel magnetic parts, 


For Pressures to 3000 PSI: Modified designs are 
available, suitable for handling nitrogen, hydrogen and 
oxygen at temperatures to minus 350°F. Furnished in 4” 
to 1” sizes, valves can be supplied with explosion proof 
solenoids, and may be designed for operation on 24 volts 
D-C or other voltages as required. 


These all stainless steel valves are especially suited for 
use on missile ground support equipment. 


New! Catalog No. 202 covers the ASCO line of 
Solenoid Valves. Write for your copy today. 


For Immediate Delivery . . : 


World’s largest stock of Solenoid Valves. A 
complete Solenoid Valve Stock List will be 
sent to you with your copy of Catalog No. 202. 


ASCO Valves 


DEPENDABLE ConTRot By Atomatic Switch CO. 546 HANOVER RD., FLORHAM PARK, N. J.» FRONTIER 7-4600 - AUTOMATIC TRANSFER SWITCHES + SOLENOID VALVES + ELECTROMAGNETIC CONTROL 
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Diodes for Relays in Snowtruck Controls................... 102 


With this control box for snowplow and spreader, 


the advantages are compactness and durability. 


Bali Sweeps Pipe Length 


To calibrate flowmeters. The ball travels between 


detectors and displaces known volume. 


Air-blasted Abrasive Pierces Stone Quietly 


The lightweight unit uses airborne abrasive grit 


for clean, quiet drilling of deep holes. 


Should Industry Ban Recruiting at Conventions? 
This survey indicates that most companies would 
go along with such a restriction— 


if it could be enforced. 


For Jumbo Shapes—New Metalforming Methods........... 106 
The latest on 3 advanced techniques—electrical 
discharge, magnetmotive, and chemical explosive. R J Ward Jr, 


Huntsville news bureau 


Electronic Products Highlight Boycotted Leipzig Fair 


East Germans show first printed circuit component 
a tape recorder. But tubes and wired chassis 


still predominate. J. Morrison 





New Components 
Your Turn 

New Materials 
Equipment 
Design Literature 
Reprints 
Advertisers Index 





COMING 
NEXT 
ISSUE 


Fiber Optics Grows Up 
The remarkable image pipes are 
now emerging as hardware that is 
commercially available. 


Instrument Drives 

A Special Report—how to pick 
among 12 types that transmit precise 
displacement between two shafts. 


Guide to Brazing with Preforms 
The method is a simple answer 
when you need fast production as 
well as consistent brazes. Do it this 
way. 


Impulse Tests for Hose 
For surge pressures, choose the non- 
peaking tests when you want a 
method that is simpler. 


Need an Industrial Designer? 

Look for ideas, maturity, breadth 
of experience—not, just sketching 
ability. 





Servo 


MOUOL 


for 


radar, missiles, 


machine tools 


Kez!S 


‘STIFF - RESPONSIVE 


HIGH TORQUE - EFFICIENT 


- LOW PRESSURE 
- HUSKY 


Cimtrol’s unique Acradrive 
22 cu. in., 8 cylinder radial 


Hydraulic Servo Motor 


500 psi, 500 to 1 /60,000 rpm, 22 
cu. in. /rev. displacement, 55 cu. 
in. contained oil, acceleration up 
to 40,000 radians per sec. per sec., 
$2,000 off the shelf, now. 

Write for Bulletin MM-2281E 


Cimtrol Division 


The Cincinnati Milling Machine Co. 


Cincinnati 9, Ohio 


=> 
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HORIZONS 
a 


Some years ago, I used an ancient hand calculator. It could be set to 
give an answer to more decimal places than an electrical machine, and 
was almost as fast. But I always felt it necessary to cross-check my results 
on it—lI never quite trusted its answers. Perhaps this was because the roll- 
top case incorporated a compartment for repair tools and an oilcan. I 
was always fearful that my answer was wrong by one order of magnitude, 
as so many engineers find their slide-rule calculations to be. 

More recently, I’ve experienced the vagaries of calculators, computers 
and the humans who run them. The machines are wonderful devices— 
until somebody fails to apply common sense in programming, or in reading 
the answers they provide, or vagrant currents take over. 

I was amused to see Russians, from waitress and clerk to engineers, 
busily using the abacus for the simplest sums, as if they didn’t trust their 
own abilities. But the abacus was safer—except that, every so often, the 
operator would shake his or her head and make the calculation over again 
to check. 

In a way, it is strange that even engineers can be so skeptical about 
math. It’s a familiar and readily understandable daily working tool, yet 
sometimes comes up with the wrong answer. And there’s no alarm bell 
unless you’re listening very closely. The fear that the bell won’t ring, or 
won't be heard, is always there. And the fear is magnified when the mathe- 
matics are complex, because checking them is not so easy. 

Now I know that Americans are not alone in this skepticism. Soviet 
mathematicians recently told the story of the concrete pyramids and the 
harnessing of the Volga when the Stalingrad Power Station was built. The 
engineers went to Academician Kolmogorov to find out how many pyra- 
mids (about 8 x 8 x 10 ft high) were needed. A young Georgian mathe- 
matician, V. Chavchanidze, worked out the problem in probabilities, and 
announced that 7500 pyramids would do the job. 

The engineers were skeptical, so they doubled the number; someone 
else more than doubled it again. Finally 35,000 pyramids were piled at 
the river’s edge. When 7500 had been dumped in, the river flow stopped— 
and 27,500 extra pyramids lay there for years as a monument to 
mathematics. 

That was 30 years ago, and mathematics have come a long way since 
then. Most of us don’t realize how far—until a good mathematician con- 
verts an empirical problem to a mathematica! one, or we discover that 
a computer takes some of our toughest kinematics problems and answers 
them in seconds. Several electrical manufacturers have been solving 
three-week problems in design of big generators and transformers in an 
hour; Purdue engineers have done three hours of mechanics-course home- 
work in less than a minute. 

Our London editor, a very competent engineer, enrolled a year or two 
ago for a series of lectures to be given there by a Soviet mathematician. 
At the opening session, the lecturer told his audience of engineers: “I 
don’t know how to begin. I have examined your current college math 
texts; they are 30 years old, and at least that much out of date. You have 
no background with which to understand what I am trying to teach!” 

Again and again, I found German, Russian and French engineers who 

continued, page 6 
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Too Many Pyramids 
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This sidewalk is wired for snow 


Nickel alloy electric heating cables in the 
concrete melt snow as fast as it falls! 


No shoveling, no salting, no customer 
accidents on slippery sidewalks at this 
suburban branch of a Pittsburgh depart- 
ment store. Electric heating cables keep 
the sidewalks clear of snow and ice dur- 
ing even the worst winter weather. 


Saves maintenance costs. In addition 
to taking the bother out of blizzards, the 
system eliminates the cost of conven- 
tional sidewalk clearance. And further 
savings are realized because the heating 
cables — made of 80% Nickel — require 
no maintenance. 

High Nickel alloy cables were used 
because of Nickel’s superior resistance 
to corrosion, fatigue and extreme tem- 
peratures. These Nickel alloy cables 
will withstand years of repeated heating 


Just one example of Nickel’s versa- 
tility. Electric heating cables—also used 
to melt snow and ice from roofs and 
driveways — is another example of how 
Nickel helps make possible new prod- 
ucts and processes, and improves exist- 
ing ones. In most any application, 
Nickel’s wide range of important prop- 
erties .. . corrosion resistance, strength, 
long life and beauty, to name just a few 
... offers proven advantages. 


If your business is metals, or if you 
use metals in your business, call on Inco 
for the latest information about how 
Nickel and its alloys can help you. 


Imbedded near the concrete surface, elec- 
tric heating cables of 80% Nickel keep 
the sidewalks clear of snow and ice. 
Cables made by Edwin L. Wiegand 
Company, Pittsburgh. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street dike, New York 5, N. Y. 


INCO NICKEL 


NICKEL MAKES ALLOYS PERFORM BETTER LONGER 


and cooling, and seasonal expansion and 
contraction of the concrete. 
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HORIZ ONS continued 


f 4 | R © talked with wonder of our expensive empirical approaches to research 


a= ..@ ace ae problems which they were required to solve analytically. We make a 
: model, test, redesign and rebuild, then retest, in a series of cycles to achieve 
Samet -j{elem — our specs; they do the job analytically and make only a prototype to prove 
ry lem t- teh, 3 out their design. Or so they say—and visible evidence bears them out. 
Said Alexander Alexandrov, director of Leningrad University and 
himself a mathematician, at the Fourth Soviet Congress of Mathematicians 
in Moscow in July: “Mathematics is experiencing a revolution which prob- 
ably could be compared with what took place in the era when infinitesimal 
analysis (calculus) was created, with what took place in the era of Galileo, 
Newton and Leibnitz.” 
He pointed out that mathematical logics, which came into being about 
a century ago, had remained on the philosophical outskirts of the science 
until recently, but are now an integral part of it. Mathematical machines 
are really a combination of such abstract ideas and modern engineering, 
just as are automation of machine tools and program control of production 
lines. Information theory, combined with mathematical logic, makes it 
possible for us to translate engineering ideas into mathematical linguistics 
a new and useful language. 
e We, as editors, have been conscious of the growing importance of 
STATIC PRESSURE | mathematics in your work, so have published a number of articles on 
SEALS various aspects, theories and techniques. These have been combined in 
APEX SEALS Zan Se menufactured a reprint booklet called “The New Mathematics.” We also, as of Sept 18, 
in any size or configuration. began publication of a new series of short lessons in advanced math. 
The Apex Metallic Seal is Look for them in our new “Your turn” pages at the back. Some papers 
fully qualified for incorpora- on similar subjects are also appearing on the programs of learned societies 
tion in all stati¢ applications. and in various technical-college publications. They deserve your study 
Surface finishes te 100 RMS if you are to keep up in the use of this greatly expanded engineering tool. 
may be sealed with very low 
flange loads. Write for 7 2. 2 
Catalog 1000. 


APPLICATIONS: i a calee al A sacl ' 
Hydrevli El = ARM: Systems A large military R & D firm had been in its new facilities just a week 


igh Escenas anwamrcnonisns when an electronic engineer smelled smoke near a wall in his office. He 
ostener ‘onventional ie! Syst ° e ‘sc ° ° . ° 
Quick MRGt, AEE Ficies summoned his secretary; she too smelled it. “There is an electrical fire in 
i Com the air conditioning,” the engineer said without hestitation. “Call an 
DESIGNED FOR: electrician.” 
Low flange loods The electric: ied j Sayers j 2c late “Where dj } “me 
Temperatanas fem —Sa0°F fe -1-2200°F rhe electrician hurried in several minutes later. “Where did you smell 
erenre*aaaeee® the smoke?” he panted urgently. 
igh resiliency 66 . ” r : ‘“ °° ® 
Shdliod high Prabeeres Next to this wall outlet,” said the engineer. “A sloppy wiring job, no 
Sealing low pressures (vacuum) doubt ” 
Miniature sub-systems ; 























, 


“fT don’t smell anything,’ 
“Look,” said the engineer, “I know an electrical fire when I smell one. 
ELECTROMAGNETIC ACTUATORS Come here . . . smell it now?” 

(FLAT Aare “Sesame MOTORS) “Yes,” said the electrician, pointing. “It’s that burning cigarette in 


PERFORMANCE CHARACTERISTICS, ie) ™ 
SERIES 20 FLAT ARMATURE TORQUE MOTORS. your cuff. 


T 20- 20-2 | x ( 
move | 20-1 0-2 | & [20-4 J 


said the electrician, sniffing. 
also manufacturers of the i 


MODEL 20 SERIES 


Stroke (in.) *.006) =..007 

7 
Output | } — : ° . . . 
| Rodivs(in.) | oré3a]!__.$93 0} .906 | University of Connecticut made a study of 73 small manufacturers in the 
Midposition Hartford area a year ago, found that most were not using readily available 
Force(Ib.) 25 . J x: - 5 - 


Hysteresis. | 5: } outside help. Only 40% belonged to trade associations, 32% used tech- 
(%) ° A 2 - . ‘ P . 
re + —— nical magazines or manufacturers’ agents, 27% used libraries, big business 


proqvency TRIE | 590 ¢ or institutes and conferences, only 21% used consultants of any kind, only 
} 4 = a = i 


| ox. Power : 7 1 5% got service from universities. The few who used outside help effec- 
(Wotts) = a1 | 52 | tively tended to use a lot, so the preceding figures apply largely to the same 
Weight(oz.) | 2.8 $0 | 195 companies; almost 80% of the companies had little outside help beyond 
: - f, associations and magazines. The smaller the company, the less help it 
“wb ervotronics, inc. gets, even from the government agencies, for whose upkeep it helps to 

= : pay. Government services were familiar to only about half the executives, 
190 GRUNER RD. /BUFFALO 25° N.Y, / and were used by only half of those. About 15% asked only that the 

government “leave us alone.” 


008 *.015 
+ 44 














CIRCLE 6 ON READER SERVICE CARD CIRCLE 7 ON READER SERVICE CARD—>- 





eeeeeeere 


| 
| 


When the problem ae 


Lm 


KAS 
00 
© 
© 


7 


is temperature, 


«@ %« 


es 


4 4 ea a 


-w red 
+ 


90940072418: 


. 


« «*a%e 





specify 700 - 
ANACONDA 

stainless 

steel hose 
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Anaconda’s flexible stainless steel hose is being 
specified more and more for rugged assignments, 
and is living up to its reputation for depend- 


. 


oS 


tia e*e 
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ability. It is being used to convey steam, hot 
water, fuels, cryogenic fluids, air, gas, liquids, 
corrosives, chemicals ...in installations where 
temperatures may vary from —300°F to 1000°F. 

The dependability of Anaconda Metal Hose 
can save you downtime and maintenance costs. 
Available in many standard assemblies—or cus- 
tom-designed assemblies by Anaconda engineers 
for your specific application. 

Whenever you have a connector problem, 
consult Anaconda Metal Hose. Hose in a wide 
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variety of metals and materials to meet every 
requirement. For more information write... 
Anaconda Metal Hose Division, Anaconda 
American Brass Co., P.O. Box 791, Waterbury 
20, Connecticut. In Canada: Anaconda Ameri- 
can Brass Ltd., New Toronto, Ontario. 61-938 


ANACONDA 


METAL HOSE DIVISION — -200 
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@ We wanted nickel-chromium ingots rolled to 
foil .0OO5” + .00005” thick with a width of .188” + 
.OO1”" x coil, with a breaking load of 7 to 9 lbs.,and a 


says T. J. Scanlon, Purchasing Agent, Electron Tube Division 
Radio Corporation of America, Harrison, New Jersey 


blemish-free mirror finish. Hamilton did it for us. eo 


PRECISION IS OUR PROVINCE. Working to mini- 
mum thickness of .00008”, mimimum widths of !~", 
Hamilton can supply you with foil or strip . . . rod or wire 
... of virtually any alloy in production quantities. Our full- 
scale, completely-integrated facilities and engineering tal- 
ent in this field permit absolute quality control from melt 
to finish. Thanks to these capabilities . . . a familiarity with 
precision work inherited from Hamilton’s watchmaking 
background . . . experience with ultra-thin foils unmatched 


anywhere in the world . . . we offer you precision metals 
to meet your exact property and delivery requirements. 
We guarantee our product. Call us. 


For additional information on Hamil- 
ton’s facilities and capabilities, send 
for free booklet, “Precision Metallurgi- 
cal Services.’” Write Dept.3510, Metals 
and Electronics Div., Hamilton Watch 
Co., Lancaster, Penna. 


PRECISION 
METALLURGICAL 
SERVICES 








be HAMILTON WATCH CONMmPANWyY 
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Metals and Electronics Division, Lancaster, Penna. 
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Your A-B Handy 
Catalog Lists These 
Control Devices 
Often Considered 
“Special” 


BULLETIN 840 

Float Switches * 

These quality switches 
are available in a wide 
range of types for auto- 
matic control of motors 
operating tank or sump 
pumps. snap-action 
switch mechanism as- 
sures positive o tion, 
no matter how slowly the 
liquid level changes. 


BULLETIN 805° 
Foot Switches 


Rugged! built to with- 


features :iaintenance 
free sil 


ver contacts. The 
foot switch shown above 
assures complete 
“safety” for the opera- 
tor. Also made without 
top 





BULLETIN 1270 
Automatic Transfer 
Switches 


These switches are de- 
signed to transfer power- 
load to standby supply 
when normal power fails 
or drops too low. Auto- 
matically returns load to 
normal supply when 
power is resumed. Me- 
chanically interlocked. 


¢G. 


BULLETIN 836 
Pressure Controls 


For machine tool hy- 
draulic systems pg 
ating at pressures up 


= Oiltight mie. 
: Sperating pressure 


ond “di erential are ad- 
justable. A visible indi- 
cator shows trip point. 
Maintenance free silver 
contacts. 





BULLETIN 812 
Phase Failure—Phase 
Reversal Relays 


Style F relay (above) 
protects against all open 
hase conditions on a 
va og | motor circuit. 
Style R disconnects the 
20 lat nm a phase re- 
versal. Ae. tan fon gives 
phas: failure and p 
reversal sustaction. 


BULLETIN 555 

Speed Regulators 
Provide manual speed 
control of wound rotor 
motors for either fan or 
machine duty. When 
used with magnetic 
starter, the first step 
closes control circuit. 


BULLETIN 803 
Rotating Cam 
Limit Switches 


Heavy-duty controls for 
use on automatic produc- 
tion machines. Made 
with up to 12 independ- 
ent circuits which can 
be separately adjusted 
for operation at any 
point of rotation. 


ALLEN-BRADLEY 


Member of NEMA 


Allen-Bradley Co.,1329 S. First St., Milwaukee 4, Wis. « In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 
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BULLETIN 1232 
Pump Control Panels 


Complete units for auto- 
matic operation of irri- 
gation and oil well 
pumps. Employ stand- 
ard A-B Bulletin 709 
magnetic starter with 
manual disconnect 
switch or circuit breaker 
in weatherproof enclo- 
sure. Wide variety of op- 
tional features available. 


<li le. 


BULLETIN 365 
Multi-Speed 
Drum Switches 


Designed for manual 
starting, speed changing, 
and reversing of poly- 
phase multi-speed 
motors. Made for up to 
four either non- 
reversing or reversing. 


QUALITY 


MOTOR CONTROL 
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WHAT'S NEWS IN RUBBER 


In design after design...the big switch is to BUTYL! 


Automotive engineers have discovered eButyl resists weathering information, contact Enjay’s 
that Enjay Butyl rubber is one of the Butyl deadens noise and Detroit Area Office, 17360 West 


vibration mA . “ : 
c > Road,S 21d, Mich. 
; : eDutyl eboorbe chock Eight mathe toad, outhfield, Mich 
Now all U.S. cars contain parts made Butyl beats the heat Phone KEnwood 2-7113 
from Enjay Butyl... parts such as Butyl resists tear, flex 


weatherstripping, body mounts, en- and abrasion 


best ways to improve car performance. 


gine mounts, radiator hose, acceler- Enjay is always ready to help manu- 
ator pedals, and many more. Engineers facturers build the extra performance 
specify Enjay Butyl rubber because... of Butyl into their cars. For more 


N £ PRODUCTS THROUGH PETRO-CHEMISTRY 


“ENJAY CHEMICAL COMPANY 


A DIVISION OF HUMBLE OIL & REFINING COMPANY 
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INTERESTING TO NOTE 





OR CENTURIES, local merchants 

used a well-worn cash box to store 
the day’s receipts. Even as merchan- 
dising methods improved, the old cash 
box remained. In fact, there are still 
a few retail stores today that sell the 
most advanced line in their field, yet 
rely on a century-old wooden cash 
drawer when it comes to make change. 

The first mechanized break from 
tradition occurred in 1879 when a 
Dayton, Ohio cafe owner, James Ritty, 
developed a “thief-catching” machine. 
Ritty got the idea for his invention 
from watching a device used to count 
the revolutions of a ship’s propeller. 
His device, which looked more like a 
big wall clock than cash register, was 
so unpopular that ownership of the 
patent changed hands three times in 


its first five years. The device was 


Smithsonian Institution 
generally regarded as a “white ele- 
phant” until it was purchased in 1884 
by John H. Patterson (who was to be- 
come a founder of the National Cash 
Register Co). Patterson bought the 
patent, together with some miscellane- 
ous machinery, for $6500 from a man 
named Phillips. When his friends ridi- 
culed his purchase, even Patterson was 
assailed by doubts. He offered to let 
Phillips keep $2000 if he'd call off the 
deal. Phillips refused, telling Patter- 
son, “I wouldn’t take that business 
back as a gift.” 

After Patterson went into produc- 
tion, his cash register salesmen were 
frequently tongue-lashed and even at- 
tacked by store clerks. They regarded 
the invention as a menace to the extra- 
curricular income they obtained by 
dipping their hands into the till. To 
meet this problem, the salesmen were 
supplied with a miniature machine that 
could be slipped under the coat when 
they entered a store to try sales talk 
on the proprietor. 

Ritty’s cash register was the begin- 


ning of mechanized retailing. On page 
100 is described a new device to aid 
the sales clerkK—an automatic trading 
stamp dispenser with some unusual 
engineering twists. 


Glass—transparent but secret 


Security is not limited to the mili- 
tary. For centuries industrial organiza- 
tions have hidden behind stringent se- 
curity regulations to ensure their 
future. One of the earliest secrets was 
probably the formula for hardening 
steel. According to one story, prob- 
ably apocryphal, the famous Damascus 
steel blade was hardened by plunging 
the red-hot blade into the body of a 
slave. True, blood was used by some 
of the early ironsmiths but it probably 
was first removed from its natural 
vessel. 

One of the ancient books of craft 
secrets describes quenching steel in a 
solution “based on vegetable juices, 
snails, blood, dung, wine, the dew of 
a May morning, or solutions of inor- 
ganic salts.” In 1532 a German book- 
let, Stahel and Eysen Kunstilich weych 
und hart zu machen, described the 
quenching of steel: “Get your iron hot 
but not too hot. When it is at the cor- 
rect heat plunge it in the mixture, as 
far as to be hard, and let the heat go 
out by itself until it takes on little 
flecks of a gold colour. Then cool it 
completely in the water and if it is 
very blue it is still too soft.” 

The art of working steel was but one 
of the processes cloaked in mystery. 
Perhaps the most jealously guarded 
secret was possessed by glassmakers. 
Until the mid-1600s, all good plate 
glass came from the tiny island of 
Murano, near Venice. Glassmaking 
there was so closely guarded that the 
men responsible for producing plate 
were literally captives. If an artisan 
defected from the island, his family 
was held hostage. If he was recap- 
tured, the penalty was death—with no 
appeal. The secret finally leaked out 
when Louis XIV managed to bribe a 
small band of glassmakers and estab- 
lished a plant near Paris. The result 
of Louis’ espionage was his famous 
Hall of Mirrors at Versailles. 

In the early 1600s, meanwhile, a 
group of glassmakers came to the 
American colonies to start a business 
—America’s first industry." This was 
the arrival of eight Poles and Germans 
at Jamestown, Va to manufacture 
“ashes, soap, pitch, tar and glass.” 
They kept their process secret even 
from the curious Indians who wan- 
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dered in and around the new settle- 
ment. Some of their glassware was 
shipped to England among America’s 
first exported commodities. A “glass- 
house” was built and beads were man- 
ufactured there for barter among 
friendly Indian tribes. Unfortunately, 
the “friendly Indians” became irritated 
in 1622 and massacred the inhabitants 
of the “glass-house,” leaving Virginia 
to wait over a hundred years for its 
next glass works. 

Seven years after the disaster at 
Jamestown another group of glass- 


19th century glass bottle factory. Note 
the extreme youth of the “carry-in” boys 


makers set up shop in Salem, Mass. 
As an incentive to promote the young 
industry, that colony’s General Court 
offered the glass workers “several acres 
of land adjoining to their homes,” and 
the town of Salem was authorized to 
lend the workers 30 pounds sterling 
each from the town’s taxes. 

The art of making glass spread from 
Massachusetts to New Jersey and 
Pennsylvania. As more and more 
workers were employed it became 
more troublesome to keep any process 
secret. Techniques, however, were 
hard if not impossible to duplicate and 
various glass-houses gained their repu- 
tation not on one _ particular 
formula but on their individual skills 
in producing their wares. 

Certain glass houses specialized in 
blown bottles or flasks while others 
specialized in stem-ware and _ fine 
crystal. Automatic bottle makers were 
first developed during the Civil War 
and from then on the artisan lost 
ground to the machine. 

The American glass industry has 
kept growing ever since the first beads 
were made three centuries ago, and 
the number of glass recipes has grown 
with the industry. The Corning Glass 
Works, for example, has formulas for 
more than 75,000 different glass com- 
positions—many of which are still con- 
sidered top secret. For an up-to-date 
article discussing properties of com- 
mercial glass at high temperature, see 
page 96. —Benedict A Leerburger Jr 


glass 


M1 





Which coupling cuts costs? 


All of Waldron’s many types will reduce maintenance and operating 
costs, and Waldron’s engineers will help you specify the best one 
for your power transmission, whether the drive is big or small. 


Max. torque 


inch-pounds Max. rpm 


Type Bore 





Standard Gear 





Francke Sto 10% 567,000 
Pin Type 





Nylon Gear 
Series M 





All Nylon 
Series J 





High Speed 
Series HS 1,197,000 





Cutout Coupling . 
Anchor-Waldron Y2 to 2% 





Cutout Pulley 
Anchor-Waldron % to 2% 17,500 2,400 





2,520,000 St’d 2,000 
4 / ’ ’ ’ 
eavy-Duty Gear 5,000,000 Forged 4,000 





High Misalignment 
Series X Ga) 1 to 6 400,000 6,500 





This is merely a sample of the Waldron line, which also includes mill 
motor, floating shaft, Jordan, shear pin, vertical, spacer, oil collector, 
marine, brake wheel, and continuous lubrication types. Write for cata- 
log or data sheets on the types you are considering. 











WALDRON (tg 


WALDRON-HARTIG, Box 791, New Brunswick, N. J. AY 1A 
a division of Midland-Ross Corporation SAS 


READER 
TO EDITOR 


Monkey business at VW? 


To the Editor: 

Your recent remarks on the “birth 
of the beetle”, (Sep 4, p 2), are very 
interesting but possibly incomplete. 
According to a story I heard a long 
time ago, the Volkswagen people re- 
ceived an order from the British for 
a number of cars at the time when a 
decision on the future of Wolfsburg 
had to be made. The Germans knew 
what would happen if the British 
would take over “the whole business” 
and therefore took special care to 
supply really rotten specimens. These 
decided the issue in a way that is his- 
tory today. —F NETTEI 

Eddo Products Corp 
New York 17 





e@ Sorry, but it never happened. Both 
the British and the Russians had a 
crack at the old VW plant. It was 
about 4 destroyed and the Allies 
weren't interested in taking over a 
bombed-out plant. The German gov- 
ernment was interested, and handed 
the challenge to rebuild Volkswagen 
to Dr Heinrich Nordhoff. The rest is 
history. —BAL 


Omitted lubricant 


To the Editor: 

I have just received the Sep. 18 
issue of PRODUCT ENGINEERING. There 
is One criticism. In the special report 
on fluid lubricants there is an editorial 
slip-up. On p 73, the table listing com- 
mon names for synthetic lubricants 
shows for silicone “Dow Corning 200, 
500 or 700 and General Electric Versi- 
lube F50.” Omitted here is, of course, 
Union Carbide L-45. —K W Topp 

Silicones Div, Union Carbide Corp 


Hydrofoils for all 


To the Editor: 

Just read your article, “Hydrofoils, 
a Promise of High Speed Water 
Travel” (July 17, p 15) and thought 
it a very interesting and informative 
article. Incidentally, the “promise” 
is now fulfilled for owners of outboard 
boats up to 2000 lb gross weight. 
The firm for which I work, Up-Right 
Hydrafoils, manufactures a _  do-it- 
yourself hydrofoil kit, which can be 
attached to almost any 11 to 17 ft 
outboard boat. The installation and 
operation is extremely simple and 
brings a new experience to boating. 
Last week at Lake Shasta, my 15-ft 
runabout with only a 40 hp motor 
could go as fast (40 mph) and in most 
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cases, faster than every other 60 to 
80 hp outboard boat matched against 
it. More importantly, the ride is 
smooth as glass, and one can operate 
in chop and waves that would slow 
the ordinary boat to a crawl. 

Let me also mention that my wife, 
who enjoys creative writing, finds the 
anecdotes that you print in the “In- 
teresting to Note” department so 
fascinating that she looks forward to 
them. Keep up the good work. 

—DONALD REICHERT 
Lafayette, Calif 


COMING EVENTS 


OCTOBER 

24-26 . .. . National Fluid Power As- 
sociation, Fall Meeting, Sheraton Ho- 
tel, Philadelphia 





Armour Research Foun- 
dation, 1961 Computer Applications 
Symposium, Morrison Hotel, Chicago 


29-31 .. . . Society for Experimental 
Stress Analysis, ASME, NSF and 
others, International Symposium on 
Photoelasticity, Illinois Institute of 
Technology, Chicago 


29-31 . . . . Fluid Controls Institute, 
Fall Meeting, Hotel Hershey, Hershey, 
Penna. 


29-Nov 1 

facturers Association, Semi-Annual 
Meeting, Edgewater Beach Hotel, Chi- 
cago 


NOVEMBER 


1-3 . . . . Society for Experimental 
Stress Analysis, First International 
Congress on Experimental Mechanics, 
Hotel New Yorker, New York City 


2-3 . . . . Louisiana Polytechnic In- 
stitute, 10th Annual Instrumentation 
Conference, School of Engineering 
Campus, Ruston, La 


7-10... . Packaging Machinery Man- 
ufacturers Institute, 1961 Show, Cobo 
Hall, Detroit 


13-16 . . . . Institute of Radio Engi- 
neers, Conference on Magnetism and 
Magnetic Materials, Hotel Westward 
Ho, Phoenix, Ariz 


26-Dec 1 . . . . American Society of 
Mechanical Engineers, Winter Annual 
Meeting, Statler Hilton, New York 
City 

DECEMBER 

12-14 . . . .Institute of Radio Engi- 
neers, AIEE, ACM, Eastern Joint 


Computer Conference, Sheraton Park 
Hotel, Washington 
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Sete t Acc ee 


Appearance is not a good indicator of drafting film workability or reproduction 


quality—see test offer below. 


In drafting films, 
it’s the coating 
that counts 


Film Similarities 

All drafting films share one common 
characteristic—every major brand 
employs a polyester base. This poly- 
ester material may vary somewhat 
in grade (from clear to milky) or in 
gauge (from .002 to .007). However, 
its properties remain so nearly iden- 
tical that no appreciable difference 
in print-back speed can be noted by 
exposing diazo material through the 
uncoated film. Accordingly, all poly- 
ester films have these unique fea- 
tures: dimensional stability, trans- 
parency, flexibility, moisture-resist- 
ance and tear strength. 


Coating Differences 

These advantages mean nothing to 
the engineer, draftsman or architect 
until a surface receptive to pencil 
and ink is put on the film. Post ap- 
plies three distinct micro-coatings to 
its polyester film, baking these ele- 
ments and the film at such high 
temperatures that they are literally 
fused. This process also ‘‘pre- 
shrinks’’ the material, endowing 


Polytex with slightly greater dimen- 
sional stability. 


More Drafting Latitude 


The net result of the exclusive Post 
coating process is the most durable 
drafting film surface available—a sur- 
face on which, if circumstances de- 
mand, you can use the hardest grade 
of pencil without destroying the 
coating. Some pencils work better 
than others, of course. Plastic-based 
pencils are best of all when perma- 
nency or washability are considered. 


Test Offer 


To convince you, regardless of pre- 
vious or present drafting film expe- 
rience, that Post Polytex offers a 
superior coating with outstanding 
erasibility, pencil and ink adhesion, 
a free Polytex test kit is yours with- 
out obligation. We’ll mail an 8% x 
11 drafting film sample, plus a vinyl 
eraser and drafting pencil assort- 
ment, packed in a Post Pocket Pro- 
tector. Write for it on your letter- 
head today. Frederick Post Company, 


3642 N. Avondale Avenue, Chicago 


18, Ill. 


SENSITIZED PAPERS & CLOTHS @ TRACING & DRAWING MEDIUMS @ DRAWING INSTRUMENTS & SLIDE RULES 
ENGINEERING EQUIPMENT & DRAFTING SUPPLIES © FIELO EQUIPMENT & DRAFTING FURNITURE 
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ing, foot-type NEMA motors of any enclo- 
flange-connected NEMA motor com- 


sure, any make. Motor switching takes just 
Bracket as- iG it bine for exceptional compactness. Available in 


double, triple and quadruple reductions. Book 2747. jay), 
Iie} 
oS 


} a 4 fa) 
MOTOGEARS Designed for bracket-mount- GEARMOTORS Perfect choice for a : 

close quarters! Simple gear trains and ‘ 

r 

~ 


minutes. No need to drain oil 
sures accurate motor positioning. Book 2747 


from LINK-BELT . . . industry’s most comprehensive 


One of these seven 


IN-LINE HELICAL GEAR SPEED REDUCERS PARALLEL SHAFT SPEED REDUCERS 
Mount the motor anywhere .. . it needn't 57 rugged, compact sizes! Built for con- 
be direct-connected. And you save space with tinuous duty under the most punishing 
input and output shafts located on same conditions. Easily withstand heavy shock 
planes. Available in double, triple and quad- loads, temporary overloads, moist or abra- 
‘ sive atmosphere. Available in iron and 
steel housings. Book 2719. 
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ruple reductions. Book 2751. 





UNIVERSAL WORM GEAR SPEED REDUCERS 
Multiple mounting flexibility! Simple, com- 
pact design packs maximum hp in a rugged 


WORM GEAR SPEED REDUCERS 
Fan-cooled, compact, self-lubricated! 
Industry's most complete line for high- 
ratio speed reduction with right-angle 


tm 
housing. Initial cost is low, mounting space &. takeoff. Single, double and _ helical 
requirements slight. Made with 24%, 3, 3% ; worm gear combinations, with hori 
and 4-in. centers. Folder 2724 zontal or vertical output shafts. Book 


2824. 


speed reducer line! 


is just your speed 


Full Layout Freedom! with rink- 


Belt’s broad line to choose from, you can plan any 
speed reduction setup . . . exactly meet your require- 
ments for ratio, space, shaft position, shock loading 
and other service factors. Link-Belt’s seven basic types 
of speed reducers—each in a wide range of sizes and 
ratios—give you complete flexibility in drive layout. 
There’s another important advantage in calling on 
Link-Belt for your speed reduction needs. Link-Belt 
makes all related drive components—chains and 
sprockets, bearings, couplings—all dimensionally cor- 
related with these reducers. This one-source service 
assures you of a smooth-working, perfectly matched 
set of equipment. No alignment problems . . . no need 

to exchange drawings with other suppliers. 
< See the Yellow Pages for your nearest 
Link-Belt office. Look under “Speed 
Reducers.” Ask for any or all of the 

catalogs listed above 


el Or 


LINKiG}BELT 


~ < 
Lr 


SHAFT-MOUNTED SPEED REDUCERS Install easily 


without special tools in angular. horizontal or LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. 


5 _ . To Serve Industry There Are Link-Bele Plants, Warehouses, Dis- 
vertical positions with tie-rod flange mounts or trict Sales Offices and Stock Carrying Distributors in all Principal 
screw conveyor adapter. Off-the-shelf availability ‘ Cities. Export Office, New York 7; Australia, Marrickville (Sydney ) ; 
Books 2618 and 2718 i Brazil, Sao Paulo; Canada, Scarboro (Toronto 13); South Africa, 
sh “ ; { Springs; Switzerland, Geneva. Representatives Throughout the 
World 15,584 
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’ WHAT YOUR PRODUCT NEEDS 


IS “PUMP ENGINEERING” 


Let Marlow take the pumping “headache” out 
of your design department. It’s not just a dream 
but a proved fact that a custom-engineered Marlow 
can put efficiency into your product and give you 
a definite selling advantage over your competition. 
Marlow’s Pump Engineering has done just that for 
Original Equipment Manufacturers in many diver- 
sified industries. 

Modern, automated, manufacturing and engi- 
neering facilities enable Marlow to produce effi- 
cient, reliable, custom designed Self-Priming, 
Centrifugal, Straight Centrifugal, Diaphragm and 
Plunger Pumps... at mass production prices. 

Get in touch with us immediately. Write, wire 
or call and, in no time at all, a Marlow Field Engi- 
neer will be at your plant, ready and able to help 
you plan or design. There is no obligation and—it 
costs you nothing to find out. 


Check with Marlow ... today! 


MARLOW PUMPS 
Marlow Division of Bell & Gossett Company 
PUMPS MIDLAND PARK, NEW JERSEY 


Longview, Texas * Morton Grove, Illinois 


CUSTOM DESIGNED PUMPS SERVING INDUSTRY THE WORLD OVER 
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Significant 
advance in 


load-break 


design 





one of Du Pont’s versatile 


: 2 
D e ' gl n engineering materials 





Arc Chute molded by Chicago Molded Products Corporation, Chicago, II|., for Westinghouse Electric Corporation 


made possible by using DELRIN‘’ for arc chute 


New electrical cutout device features 
a self-contained load-break, designed 
to permit repetitive interruptions of 
high load currents throughout its life 
without maintenance or replacement 
of parts (such as fuse links and gas 
bottles). The significant advance in de- 
sign is made possible by the use of 
Du Pont’s DELRIN acetal resin for the 
are chute through which the contact 
blade is pulled. Load-break operation 
is achieved by lowering the knife switch 
between the facing grids of the chute 
away from the contact points. The nor- 
mal arc is quickly extinguished (less 
than 0.1 second) by a de-ionizing gas 
generated inside the chute from the 
resulting arc heat. 

The are chute of DELRIN lasts the 
life of the cutout, is safe and reliable. 


Units have been tested for 200 load- 
break operations at 200 amps, 15KV 
with a circuit power factor of 70% or 
higher. Inspection showed negligible 
wear, only very slight discoloration and 
no evidence of carbon tracking. 

Only DELRIN offered the required 
combination of properties: high 
strength, stiffness and creep resistance; 
exceptional non-tracking and non-car- 
bonizing characteristics; high resistance 
to erosion and abrasion; durability un- 
der outdoor exposure; toughness at low 
temperatures; good insulating charac- 
teristics unaffected by variations in 
moisture and temperature; and a non- 
adherent surface. 

See the next page for more examples 
of what DELRIN is doing to improve 
products and reduce costs. 





Delrin 


This molded ring of DELRIN is key unit of a DELRIN has replaced an expensive two-piece, spot- 
simplified bearing system for the revolving drum welded and copperplated, stamped-steel component 
of an RCA Whirlpool dryer. The bearing de-_ in fluorescent light-starter switch. The new one- 
sign requirements, which led directly to DELRIN, _ piece injection-molded part is used as a lock spring. 
included excellent frictional properties, abrasion DELRIN acetal resin is a good electrical insulator, 
resistance, dimensional stability and retention has excellent resilience, which gives it the spring- 
of physical properties in a moist atmosphere like properties needed here, wear resistance and 
at temperatures up to 200°F., and freedom from dimensional stability; costs about half of previous 
warpage. (Molded by Haas Molding Co., Men- metal component. (Molded by Waterbury Com- 
don, Michigan, for Whirlpool Corporation, St. pany, Waterbury, Connecticut, for Edwin Gaynor 
Joseph, Michigan.) Co., Bridgeport, Connecticut.) 


Light, tough and resilient DELRIN” 
simplifies designs ...cuts costs 


Sometimes the simple substitution of a part of DELRIN for a metal part answers 
a design problem and saves money by eliminating finishing operations and mak- 
ing possible rapid, low-cost injection-molding production. Very frequently, how- 
ever, the use of DELRIN permits a thorough redesign of a component, with 
increased operating efficiency, fewer parts, lower assembly costs, lower shipping 
costs. The resultant cost advantages can be substantial. It will be worth your 
while to investigate the properties of DELRIN as they apply to your design 
problems, and to find out more about the many hundreds of production improve- 
ments at lower cost that this new material has made possible. Simply mail the 
coupon below for pertinent information. 


E. I. du Pont de Nemours & Co. (Inc.), Dept. 3 
Room 2507D Nemours Building, Wilmington 98, Delaware 


one of Du Pont’s versatile 
engineering materials 


A clamp-on hand brake for cotton 
spinning spindles uses DELRIN for 
the handle, the cam and two brake 
arms. The flexing arms of tough, re- 
silient DELRIN provide automatic ad- 
justment and take-up for wear. 
DELRIN is easily molded in the com- 
plex shapes required, eliminates the 
need for machining operations. (By 
Brook Molding Company, Norwood, 
Mass., for Whitin Machine Works, 
Whitinsville, Mass.) 


POLYCHEMICALS DEPARTMEN 


06. u. 5. pat. orf. 
BETTER THINGS FOR BETTER LIVING 


THROUGH CHEMISTRY 


I am interested in evaluating DELRIN for the following use: BD) E L R | N acetal re 


Name 
Company Position Alathon 


Street 














City Zone State 
In Canada: Du Pont of Canada Limited, P.O. Box 660, Montreal, Quebec. 
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Denison and Denison HydrOlLics are registered 
trademarks of Denison Eng. Div., ABSCO 


DENISON 


drOll ica 


Now...from DENISON... 
complete new line of 


rugged, compact hydraulic... 


CYLINDERS 


HYDRAULIC CYLINDERS —combining the same high standards of quality 
as well-known Denison hydraulic pumps, motors, valves, controls — 
are now available in a complete line of standard sizes for a wide 
range of applications. Denison hydraulic cylinders are carefully 
designed for rugged service, long life and easy maintenance with these 
outstanding features for reliability and economical performance — 

Tapered cushion piston provides gradual, shock-free deceleration. 
No need for cushion adjusting screws. 

Chrome plated, high tensile steel piston rod has hard, smooth 
surface and high corrosion resistance. 

Teflon rod wiper keeps rod clean and free of abrasive dirt and dust. 

Multi-lip rod packing assures low friction and long life. Self-adjust- 
ing to pressure and wear. 

Fine grain alloy cast iron piston is precision fit, threaded and 


pinned to rod. 
NEW DENISON HYDRAULIC 


CYLINDER LINE includes units Cartridge type bronze bushing for maximum wear resistance. 
for pressures from 1000 to 5000 Simple to change with only a wrench. 

psi, bore sizes from 1¥«" to 14", 17 Micro-finished steel cylinder tube with extrusion-proof seals at 
different mountings. Write for both ends. 


free literature. , — — . : , 
Contact your nearby Denison hydraulic field specialist for full details. 


DENISON ENGINEERING DIVISION 
American Brake Shoe Company 
1194 Dublin Road « Columbus 16, Ohio 


wm coe DENISON 
HYDRAULIC POWER 
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Now! Make any pushbutton station 


you want with new, completely versatile 


Cutler-Hammer oiltight pushbuttons 


Choose from a complete /ine of operators, 


get greater circuit flexibility than with any other make 


To meet today’s need for a broad range of 
oiltight pushbuttons, Cutler-Hammer gives 
you a new versatile line. 

You can get these rugged proved push- 
buttons in one hole or base mounting, 
six bright colors. More than thirty dif- 
ferent circuit arrangements are available 
plus hundreds of varieties of stations in 
standard arrangements of up to 25 ele- 
ments. And you can get up to 8 circuits 
on one pushbutton. The flexible oil resis- 
tant diaphragm behind the button is de- 
signed to stay soft and pliable permanently. 


With Cutler-Hammer pushbuttons you 
can get more control in less space, too, 


WHAT’S NEW? ASK.. 


CUTLER- -HAMMER 


Cutior-Hammer Inc., Milwe une 


Hammer Internationa ( ae can ae ‘te 


because they use 40% less behind the panel 
space than the next smallest unit. 

Get all the facts by sending for the color- 
ful brochure, “MASTER DESIGN” which 
tells you all about the Cutler-Hammer 
line. Ask for Pub. LO-104. 


What's new at Cutler-Hammer? 
You can see the newness in the products 
coming from Cutler-Hammer, like the 
new smaller pushbuttons; in the new manu- 
facturing facilities; in the new engineer- 
ing ideas. All to give you better service 
today and in the future. Contact the 
nearest Cutler-Hammer sales office or 
your Cutler-Hammer distributor. 


| 
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NEW ILLUMINATED PUSHBUTTON. Newest addition to the versatile line. 





YOU CAN GET ALL THESE TYPES OF CONTROL UNITS 





i Ne 


ut 


MUSHROOM . LONG 


Sa 


\ ha 


re 





RESISTOR LIGHT 


TRANSFORMER LIGHT 





cé 


ROTO-PUSH STANDARD 
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GUARDED PRESTEST LIGHT 








Compact cartridge pumps provide 
pressure lubrication at minimum cost 


by E. H. Schanzlin 


Chief Engineer, Tuthill Pump Company 


An opportunity for savings exists in 
many original equipment applica- 
tions involving pressure lubrication 
... Where, in many instances, fore- 
sight on the part of the designer will 
permit the use of a “‘cartridge”’ pump 
which can be built directly into the 
equipment . . . to provide the great- 
est possible capacity per cubic inch 
of pump... and ordinarily at a price 
below those for comparable pumps 

. since every possible extraneous 
element has been eliminated from 
their design. 


14 Different Units 


To meet the requirements of these 
applications Tuthill engineers have 
developed four different models of 
cartridge pumps. . . each offered in 
3 or 4 sizes for a total of 14 different 
units... for pressures to 200 psi... 
with a capacity range from 56 to 720 
gph depending upon pump size and 
motor speed. These units are all 
available from stock in any quantity 
desired. They have been used suc- 
cessfully in many outstanding origi- 
nal equipment applications. 


Model LF 


Model LF pumps, as shown, have 
an extremely simple housing and are 
normally furnished without seals. 
They are supplied in three sizes with 
nominal capacities as shown below. 





Size GPH RPM 
00 56 1800 
0 105 1800 
l 180 1800 











(These nominal capacities will also 
apply to similar sizes of pumps dis- 
cussed later. ) 


MODEL LF 





4p” 








a 


Tuthill manufactures a complete line 
of positive displacement rotary pumps 
in capacities from 1/3 to 200 gpm; for 
pressures to 1500 psi; speeds to 3600 
rpm. 
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Model LF pumps are designed for 
flange mounting. They offer a choice 
of internal or external porting. Over- 
all dimensions of these compact units 
are only 24%” x 4Y", and even 
shorter lengths are possible when 
pumping conditions permit. 


Model LFD 


Model LFD cartridge pumps are of- 
fered in the same capacity ranges 
and sizes as model LF. They resem- 
ble these basic pumps except that 
they are provided with a more de- 
tailed housing. Model LFD’s are de- 
signed for flange mounting and 
normally supplied with either in- 
ternal porting or *<-18 N.P.T. ex- 
ternal porting. Shaft seals or ball 
bearings may also be furnished with 
these units as an alternate. In the 
00, 0, and 1 pump sizes, these units 
measure 4'4 "x 2'5" x 3%" 


™ 


MODEL LFD 


Model LFD pumps are also fur- 
nished in pump size 2, with a capac- 
ity of 360 gph at 1800 rpm, and 720 
gph at 3600 rpm. Overall dimensions 
are 5%" x 34%” x 4'%’". 


RF Models 


The selection of RF models closely 
resembles those in the LF range... . 
sizes, capacities and general charac- 
teristics are identical. However, 
these units are equipped with 
Tuthill’s special automatic reversing 
feature which permits driving the 
pump in either direction without 
changing the direction of flow .. . 
with port positions remaining con- 
stant ... without special valving. 
The automatic reversing design 
was developed by Tuthill for appli- 
cations where the pump must be 
driven by reversing shafts, or where 


os 


machinery must be shipped without 
knowing the ultimate direction of 
the driving unit. These versatile 
units have proven their superiority 
in hundreds of demanding applica- 
tions. 


MODEL RF 





4," 





22" 


Model RFD 


These units parallel model LFD in 
capacities, sizes, and general char- 
acteristics. Like the model RF above, 
however, the pumping units have 
Tuthill’s special automatic revers- 
ing feature for use with reversing 
shafts. Dimensions of 00, 0, and 1 
sizes are 414" x 2!2” x 3?%". Size 2 
pumps measure 5?s " x 37" x 4'%". 
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MODEL RFD | 


Wide Variety of Alternates 


In addition to the basic pump mod- 
els, various alternates can be pro- 
vided. For example two alternate 
shaft modifications are offered for 
maximum adaptability. 


Imaginative use of these cartridge 
pumps may permit significant sav- 
ings in your designs. In addition to 
the economical price, their compact- 
ness and light weight can eliminate 
design headaches. These units offer 
the maximum amount of lubricating 
capacity for the minimum amount 
of pump... and often at the mini- 
mum expenditure of dollars. 


For further details write for cata- 
log section 108. Or, send details on 
your application so Tuthill can offer 
suggestions on how these units can 
be incorporated into your design. 


963 East 95th Street, Chicago 19, Illinois 
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Square D’s ALL-METAL Push Buttons 
give EXTRA DURABILITY! 


NOW AVAILABLE WITH 


+ e=@ 


COLOR INSERTS —with these Important Advantages: 


Longer lasting « Indestructible operator is made 
entirely of metal. High-density polyethylene in- 
serts are permanently colored, won't fade or de- 
teriorate on even the toughest jobs. Push buttons 
are completely oil-tight, even when depressed. 

Reduce your inventory « Order push buttons in 
color desired, or get the new “universal” pack- 
age containing a basic operator and seven differ- 
ent color inserts—no extra cost. Inserts just snap 


in, can be changed in seconds if necessary. 

7 colors available « Choose from black, red, 
green, brown, yellow, orange, blue. 

Complete flexibility « Any operator can be used 
with any contact block to meet every requirement. 
Contact block arrangements include single-pole 
double-throw, two-pole double-throw, four-pole 
double-throw, sequence closing, and overlapping 
contacts. 


A COMPLETE LINE OF OIL-TIGHT OPERATORS 


Extended Guard 
Button 


ee 


Push-to-Test 
illuminated 
Push Button Pilot Light 


Mushroom Button Selector Switch 


Selector Switch 
with Gloved Hand 
Operator 


# @ 


Wide Range of Enclosures and 


Contact Blocks Assembled Stations 4-Position 


Joystick Operator 


Stop Button 


CR Lockout 
we} 
Wobble Stick 


a) 3, 


Selector. Key- 


“e 


Coin-operated 
Selector Switch 


a 
Selector 
Switch 


Push Button 


QQ" 
Selector Switch 


Padiock 
Attachment 


Start Button 
Lockout Maintained Contact 


Attachment 


Oe 


3-Position 
Master Switch 


Operator 
Potentiometer 


Write for Bulletin 9O01-T. Square D Company, Dept. SA, 4041 No. Richards St, Milwaukee 12, Wis. 


SQUARE J) COMPANY 


wherever electricity is distributed and controlled 
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New Mode/ 


FRACTIONAL HORSEPOWER 


DYNAMATIC AJUSTO-SPEDE DRIVE 


Steps up Reliability and Durability 


New in design but a veteran of proven dependability, the Eaton-Dynamatic Fractional 
HP Ajusto-Spede Drive offers a compact, low cost solution to adjustable speed control 
problems. Improvements include: 


@ Longer operating life @ More uniform cooling 
@ Less noise and vibration e@ Lighter weight @ Compact design 


The Ajusto-Spede Drive offers advantages not found in other methods of control. It is 
low in cost and easily installed. It is an integral combination of AC constant speed 
induction motor, eddy-current couplings, and single tube, electronic control. Special 
control functions, such as acceleration, inching, threading, cascading of multiple units, 
follower operation, constant tension and clutch motor operation can be provided by 
remotely mounted electronic controls. 

Ajusto-Spede Drives operate on standard 115/230 volt, single phase, 60 cycle or 
220/440 volt, 3 phase, 60 cycle alternating current. No special power source is required. 
Available from the manufacturer or from your nearest Dynamatic Distributor in sizes 
of 4, ‘6, and 44 HP at 1600 RPM and 4, 34, and 1 HP at 3200 RPM. Can be supplied 
with either of two types of electromagnetic friction brakes and integral speed reducer 
in a wide variety of gear ratios. 


Send for Illustrated Descriptive Literature 


———" DYNAMATIC DIVISION — 
Ee AT Re MANUFACTURING COMPANY 
3122 FOURTEENTH AVENUE © KENOSHA, WISCONSIN 


..Your partner in progress through research. 
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raymond spilman: | 
“from the middle ages to today... } 
a designer's greatest asset 


is his perceptivity” 
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“Today's industrial designer is a problem 
solver. He must help create a new product, 
extend its economic life to the Nth degree, 
yet be able to pronounce the obituary before 
it stagnates in the market place.”’ 
Address before the Peabody College 
Arts Museum, February 21, 1961 


spilman talks design 


Raymond Spilman likes to contrast today’s industrial designers with the artist-craftsmen of early civilization. 
In the Middle Ages the artist-craftsman’s products and wares reflected his interpretation of the society of his 
time as testified by the remnants of pots, vases, tools and weapons, pictures and decorations turned up by 
probing historians. It was a relationship that continued until about 1750, and it ended when the invention of 
mass production in England separated the artist from his craft. A new relationship was born in 1929. 

What caused it? Spilman says that the industrial designer was the first to recognize that the machine of mass 
production was not a monster but a new tool that, properly understood by the designer, made it possible for him 
to establish a direct emotional and visual understanding between the consumer and himself. Spilman feels that 
now, more than ever, it is up to the designer to retain that close relationship—better it if he can—because so 
much of our economy depends on it. 

Pursuing that relationship a bit further, Spilman feels that design must transmit a sense of discipline, form 
and completeness between designer and consumer. He says that “‘today’s industrial design function is a living, 
breathing, working part of our daily economy, with its own professional standards, requirements, good and 
bad uses.”’ Esthetics included, he believes that ‘‘the designer is critically concerned with the market cycle of 
product acceptability.” 

Industrial design was born, according to Spilman, when the designer recognized that it would profit not 
only himself but the product user to create a product that was as functional as it was attractive. Advancement 
and progress are important to the consumer. Monetary profit is important to the manufacturer. Provide the 
first two and the last will take care of itself. Spilman illustrates his theory of design by citing the example 
of an early electric refrigerator. It worked, and it took the place of clumsy, troublesome iceboxes. The designer 
had created a product that profited both consumer and manufacturer. 

What kind of a man is an industrial designer? According to Spilman, he is a man with an art education who 
has distinct mechanical sense. He is an intellectually curious person, creative in one or more unique ways, 
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keenly aware of the mass mind and its probable reactions. He understands that industrial design is a compre- 
hensive lateral form of visual creativity that can be applied to a multitude of diverse problems. His work cannot 
be pure guesswork, nor can it be pure art. 

What is the weakest link in a good design program? Spilman does not think it is the designer or the consumer. 
He is quite outspoken in his views on the lack of management understanding of the detailed work and time 
required to successfully design a new product. Management, he feels, is prone to forget the fact that new designs 
are getting more and more difficult to obtain because more companies are using visual design effectively. ““More 
than ever, the only bargain price in visual design is an adequately budgeted design program,” he says. 

Spilman also has strong feelings about the materials he designs with. He feels that steel, for instance, repre- 
sents lightness and strength. The designer must select material by appearance, manufacturability and cost. 
If the consumer believes that same material denotes strength and stability, and that it gives him a feeling of 
strength, physical security and a mental/psychological feeling of safety, so much the better. It’s no coincidence, 
then, that many of Spilman’s most successful designs are of steel. In a computer housing he designed, the entire 
case, except for the grille at the bottom, bar handles and name plate, is made of steel because it was the best 
material for strength, cost and ease of finish. For another client, Spilman designed a steel flour sifter. He used 
steel for cleanness, brightness, strength and lightness. For a light look, strength and durability, the frame and 
back plates of a chair were designed of steel. Dormitory furniture was designed of steel for strength, appearance 
and ease of finishing. Spilman feels that Stainless Steel is the ultimate design material. A barbecue turner he 
designed of Stainless is strong, lightweight and easy to clean. Iis Stainless surface will resist corrosion and 
stay bright, clean and sanitary. 

Steel is the modern metal. Little wonder that designers like Raymond Spilman consider steel the most 
versatile material in industrial design. 


United States Steel 


TRADEMARK 





(s8) Vinyl Coated Steel Sheet 
challenges the designer’s 
imagination 


Here is a steel that has unlimited uses for the designer 
of consumer or industrial products— USS Vinyl Coated 
Steel Sheet. Tough Vinyl, in any color or texture, is 
bonded to strong steel sheet. It is a design material 
that is inexpensive, tough enough to take hard 
knocks, strong enough to be used in the most de- 
manding applications. USS Vinyl Coated Steel Sheet 
is easy to clean, resists spotting and staining, and can 
be fabricated easily and inexpensively. It can be 
shaped and the surface won’t crack or peel. 

Die lubricants, alkaline cleaners, fountain pen ink, 
alcoholic beverages, detergents, acid cleaners, nail 
polish or fruit acids won’t spot it. It can be slit, 
punched, drawn or roll formed, lock seamed or welded 
without damage or discoloration to the finish. It is 
competitive in price with other materials. USS Vinyl 
Coated Steel Sheet will not support combustion, and 
has a dielectric strength of 750 volts per mil of coating 
thickness. It is available in gages from 16 through 32, 
widths from 24 to 52 inches, in coils up to 10,000 Ibs. 
Vinyl coatings are 0.008 inches to 0.020 inches thick. 
There are a number of standard textures, but custom 
textures are also available from the mill. 

Some suggested uses for USS Vinyl Coated Sheets: 
room dividers with different-colored face panels that 
are interchangeable; a scuffproof space heater in any 
color or texture; an easily cleaned, scuffproof lobby 
door; vari-colored steel shelving; office chairs that 


@5) This mark tells you a product is made of modern, dependable Steel. 


are attractive and strong; school desks that will take 
many semesters of hard knocks, yet keep a first-term 
look; a tape dispenser that has extra sales appeal. 
Other suggested uses: building interiors, doors, appli- 
ances, furniture, automobile and station wagon in- 
teriors, railroad car interiors, business machines, 
switch panels almost any product that is subjected 
to abuse. Write United States Steel for additional in- 
formation on USS Vinyl Covered Steel Sheet. 


How to control deflection, 
cut costs, save weight with 
high strength steel 


If you design fabricated structures, you can save 
basic material costs, save money and reduce weight 
by using a steel with a higher yield strength. In box 
beams, for instance, strength in bending is propor- 
tional to the yield point. If you use a steel with a 
higher yield point, you can decrease thickness and use 
less steel. When the elastic modulus is given, deflec- 
tion is in direct proportion to the yield point. 
High-strength low-alloy steel members with a 
50,000 psi yield point may be designed % lighter 
than those of 33,000 yield point carbon steel, but 
deflection is 1% times as great. When using alloy 
steels in the 100,000 psi yield strength range, weight 
can be reduced by % while deflection increases to 
approximately 3 times that of a carbon steel beam. 


Two Woys To Control Deflection 


Carbon Stee/ 
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There are times when deflection limits require that 
high strength members bend no more than carbon 
steel members. There are two ways to keep deflection 
equal and still use high strength steel. The left draw- 
ing shows a structural member deepened so that 
moment of inertia can remain the same though the 
material is thinner. In the drawing at right, the ma- 
terial is redistributed into overlapped areas at top and 
bottom. This stiffens the structure without adding 














match designs 


height. Note that the thickness of the inner flange is 
reduced more than thickness of the outer flange. 


Summary: It is well for the designer and fabricator 
to be aware of potential savings in weight and costs, 
plus improved product performance, by using high 
strength steels. 


Free book, calculator and 
new movie tell you how to 


weld (ss) “T-1” Steel 
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If you are thinking about USS “‘T-1” Steel in your 
shop, you will be interested in U.S. Steel’s free book, 
‘How to Weld USS ‘T-1’ Steel,” a heat input calcu- 
lator and a new 18-minute 16mm color motion pic- 
ture. The book is written in simple language and 
describes the “‘Do’s” and ‘“‘Don’ts”’ in welding ““T-1”’ 
Steel. The circular computer helps you choose the 
proper welding machine settings. Both will help 
every welder to do a more reliable job and make 
his work easier. 

The book is based on the experience of U. S. Steel’s 
many field service men whose jobs are to help cus- 
tomers fabricate ““T-1’’ Steel. It contains the results 
of nine years of work with hundreds of users, and 
shows how to apply common practices in the welding 
of ‘““T-1” Steel. Welding ““T-1” Steel is not particu- 
larly difficult, but it is different from welding most 
other high strength structural steels, and requires a 
basic knowledge of the metal, the electrodes and 
proper welding procedures. 
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The movie is also titled, ‘How to Weld USS “T-1’ 
Steel’? and can be used with the booklet and calcu- 
lator to train welders. Movie, booklet and calculator 
are available free (the movie on a loan basis) from 
U. S. Steel. Write United States Steel, 525 William 
Penn Place, Pittsburgh 30, Pennsylvania. 
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Stainless Steel farm chemical 
tanks outlast others 10-to-1 


More and more farmers are turning to liquid farm 
chemical (herbicides, pesticides) and fertilizer appli- 
cation. It is cheaper, faster and easier than former 
methods. It also presents problems. The biggest is 
corrosion. Corrosive farm chemicals soon weaken 
ordinary tanks. Corrosion clogs pipes, nozzles and 
booms, which means irksome delays and expensive 
replacement costs. The solution for this big problem: 
Stainless Steel tanks. 

Stainless tanks cost more initially but they are 
worth more because they outlast ordinary tanks 10- 
to-1. Stainless Steel’s tough, smooth finish resists the 
corrosive attack of all farm chemicals. Stainless is 
easy to clean, so farmers can switch chemicals after a 
quick water rinse between jobs. If a farmer has a 
Stainless tank he saves in these ways—one piece of 
equipment serves many purposes; his equipment will 
last up to ten times longer; and he has fewer problems 
with down time because of clogged equipment. 

Stainless Steel is the designer’s metal. It is strong, 
has superior corrosion resistance, excellent formability 
and heat-resisting properties. It is attractive and 
gives any product a competitive edge in the market 
place. If Stainless Steel can solve a problem for you, 
or make your product better, write United States 
Steel for further information. USS and “T-1” are 
registered trademarks. 


United States Steel 





INFORMATIVE NOTES TO Si forgone tor ors amor’ 
IMPROVE YOUR PRODUCT... 2's stampes with the T-mark of svat reiabiliy. 
S AVE YOU MONEY Tinnerman can help you cut costs with a free 


Fastening Analysis of your product. Call your 
Published asa service to Tinnerman representative, or write: Tinnerman 
Designers and Engineers Cleveland 1, Ohio. 


Products, Inc., Department 12, P. O. Box 6688, 


SIDE-SNAP SPEED NUT fastener, originally designed for 
fastening aircraft templates, can cut assembly time wherever 
long, threaded rods are used. This heat-treated, spring steel 
fastener snaps sideways onto the bolt at any point along its 
length. One turn to tighten and the job is done—saving the time 
and cost of running nuts down the length of the long bolt. 





PANEL FASTENER saves welding costs in assembling enameled 
metal panels on store fronts, filling stations, and homes. This 
SPEED CLIp® fastener is rotated into self-retaining position in 
panel hole, then screwed to furring strip, eliminating six to 
eight welding operations per panel. One of many Tinnerman 
fasteners that cut time and costs in building construction. 


MOLDING CLIP retains itself in panel hole until molding strip 
is snapped on at a convenient station on assembly line. Four 
spring fingers bear firmly on molding flanges, prevent rattles 
due to vibration. Easily removed and reused. Though originally 
designed for refrigerator applications, this SPEED CLIP fastener 
may be used on ranges, air conditioners, metal cabinets, 
paneling, and dash panels. 


STUD CLIP solves retention problems at minimum cost 
wherever a .281” diameter plastic stud is used. Four of the 
SPEED C.uip fasteners replaced 12 separate parts and four 
tapping operations in a clock-radio assembly, and cut assembly 
time in half. Installation and removal requires only a pair of 
pliers. Clip offers superior shock absorption. 





CANADA: Dominion Fasteners Ltd., Hamilton, Ontario. 

GREAT BRITAIN: Simmonds Aerocessories Ltd., Tre- 

forest, Wales. FRANCE: Simmonds S.A., 3 rue Salomon 

de Rothschild, Suresnes (Seine). GERMANY: Mecano 
Simmonds GMBH, Heidelberg. 
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Super HC High Capacity 
V-Beilt Drive 











How Gates Super HC Drives can save space, 
weight, money on the machines you design 


Ask your local Gates Man to design a drive for your ma- 
se ists a EI eB e ee Gates Super HC Drive 
chine two ways: A conventional V-belt drive and a Gates Gives. wee theet bomeite: 
Super HC High Capacity Drive. A quick comparison will y . 
show you that the new Gates Drive costs up to 20% less ° roe cfr = space. . 
° : ° — * ces e 
than a conventional V-belt drive, weighs about 20% less and nn a seat as 
can handle your power requirement in % to the space. ® Cuts drive costs as much as 20%. 
These advantages are possible because of exclusive, basic w Reduces bearing load, increasing 
changes in V-belt shape and construction that permit this — 
“i : . 2+ : the h ‘ é ? ; Guards can be smaller, 
drive to transmit up to 3 times the horsepower of a conven- lighter weight. 
tional V-belt drive in the same space. Belt speed up to 6000 ft/min possi- 
Manufacturers everywhere have standardized on the Gates ble without dynamic balancing. 
. » ’ —_ fF , ; an ; ee ae Less costly, higher speed motors 
Super HC Drive the first and most advanced High Capacity étn ehten be whet. 
Driv e. It is your best assurance that your power transmission Jackshafts and outboard bearings 
unit will remain up-to-date for many years to come. can sometimes be eliminated. 
The Gates Man, located near you, has had long, intensive Suctesive deckuaiuia 
ehelem 1 ~—mestenre ; » dos . » hie xclusive design res 
training and experience in drive design. Contact him for include: A Precisely Eng!- 
complete technical data on Gates Super HC High Capacity neered Arched Top, Concave 


‘ye nr exnert drive deci Sides, Flex-Weave Cover, super 
Drives and for expert drive design aid. strength tenella Conmunaniian. 


The Gates Rubber Company, Denver, Colorado 2 


Gates Super HC V-Belt Drives 2:3. 
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STICKY PROBLEM: 


Molasses Dairy Feeds 
Clog Scale Openings 


Stainless steel interiors of automatic feed weighing 


scales have long provided good service for users of 


Richardson Scales for weighing molasses content 
feeds. But as molasses content increased, so did the 
time and effort required for cleaning. 

Usually twice-a-day cleaning sufficed. But the 
higher the molasses content, the faster the feed ad- 
hered and built up on all platework. Downtime for 
cleaning went even higher. 

Now Richardson Scale Company uses R/M 
“Teflon” sheets wherever molasses feed makes con- 
tact with the scales. Field experience proves that now 
scales never clog, cleaning requires only a moist 
sponge instead of a metal scraper and only 1/10 as 
much time as before. Problem solving is a natural 
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HAPPY SOLUTION: 


R/M Bondable “Teflon”* 
Cuts Cleaning Time 90% 


for ‘‘Teflon’’ in applications which utilize its 
non-adhesive property and low coefficient of friction. 
Talk to R/M—headquarters for “Teflon” rods, 
sheets, tapes, hose, machined parts, with or without 
bondable surfaces. Write for information or call 
your nearest R/M district office. 


*Registered TM for Du Pont fluorocarbon resins 


PLASTICS 


qe) 


For a copy of this booklet, full of information on R/M’s complete 
line of ‘‘Teflon” Products, write Plastic Products Division, 
Raybestos-Manhattan, Inc., Manheim, Pa. 
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sintered metal, and engineered plastic products 


R/M CAPABILITY PRODUCES 
VALVE STEM PACKING 
of low volume loss at up to 1150°F 


Low volume loss is a basic requirement >f high-temperature 
valve stem packings. Reliable sealing characteristics are 
assured when valves are packed with R/M No. 325 because 
total volume loss is /ess than 5%. R/M No. 325 high-tempera- 
ture valve stem packing is free of the organic materials that 
make other packings burn out and require much adjustment. 
Contains AAA grade Inconel-wire-inserted asbestos yarns 
braided over a plastic core that will not fuse. R/M No. 325 
offers an extra dividend in that it contains a corrosion- 
resistant inhibitor that protects against valve stem pitting 
after valves are hydrostatically tested and stored. 

There are R/M valve stem packings for your every department, 
each offering superior advantages. Let us know your require- 
ments and depend on us to meet them. 


PACKINGS 


For complete information on R/M Mechanical Packings and Gasket 
Materials, write for new Catalog P-100. Packing Division, 
Raybestos-Manhattan, Inc., Passaic, N.J. 


R/M CX MOLDED V-BELT 
OUTLASTS—AND OUTPERFORMS 
OTHER BELTS 8tol... 


Use R/M CX Molded V-Belts wherever more flexibility and 
ruggedness with quieter, cooler vibration-free operation are 
required. 





@ Fully Molded—Fully Jacketed 

@ No Cut Notches—No Exposed Sides 

@ Holds Shape and Effective Length Without Stretch 

@ Vibration-Free—No Slap, No Hum, No Buzz 

@ No Ply Separation—No Flex-Cracking 

@ Ideal for Small Sheave Diameters, Short Centers, 


High Speeds 


It’s the only notched V-belt of its kind made. Let R/M 
specialists work with you on V-belts, rubber hose, trans- 
mission or conveyor belting, molded or extruded parts. 


RUBBER 


Write today for Bulletin M220 and booklet shown: full details on a 
wide variety of industrial rubber products. Manhattan Rubber 
Division, Raybestos-Manhattan, Inc., Passaic, N.J. 


RAYBESTOS-MANHATTAN, INC. 


FACTORIES: Passaic, N.J. « Bridgeport, Conn. e Manheim, Pa. « Paramount, Calif. « No. Charleston, S.C. 
Crawfordsville, Ind. « Neenah, Wis. « Peterborough, Ontario, Canada 
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“EXOTIC” BUSHING MAKES NEW 
STEERING DESIGN COME TRUE 


INSIDE-OUT BUSHING HELPS PUT 
NEW STEERING MECHANISM 

INTO PRODUCTION! To perfect a new 
steering mechanism, an automotive 
manufacturer required a linkage com- 
ponent. Designers tried making it of 
machined steel, then plastic . . . both 
materials failed. But the unusual bush- 
ing shown at left, with a number of 
features F-M engineers helped designers 
incorporate, solved the problem. It is 
bronze-on-steel, formed with the ball- 
indented bronze on the O.D. so the 
bushing can accommodate sliding mo- 
tion within the mechanism. A large 
window makes insertion of a ball sock- 
et easy during assembly. Design of the 
bushing also includes: stops near one 
end to hold a disc . . . a threaded I.D. 
on the other with slots for a locking 
pin .. . holes that supply lubricant to 
the outer surface. For the F-M cus- 
tomer, all these built-in features helped 
accomplish this result—easy, efficient 
assembly and success with a new design. 


CAN F-M BUSHINGS SOLVE problems on your 
board or on your assembly line? Or perhaps 
a sleeve bearing, thrust washer or spacer? 
F-M, who makes them all, can provide the 
answer. F-M engineers, with a wealth of 
knowledge from years of experience, are 
available to help design the needed compo- 
nent. This complete technical assistance is 
one reason why these F-M products are 
widely specified for use in automobiles, 
farm equipment, construction 
machinery and many other 


products. ture is also available on sleeve bearings, thrust washers and spacer tubes. For your copies, write 


Additional information about bushings is provided in a Design Guide, published by F-M. Helpful litera- 
Ftoput Federal-Mogul Division, Federal-Mogul-Bower Bearings, Inc., 11043 Shoemaker, Detroit 13, Michigan. 


——— | SEI DIVISION OF 

-FEDERAL-MOGUL Be em FEDERAL-MOGUL-BOWER 
WAMRMMMMAM BEARINGS, INC. 
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This cylinder for a hydraulic press was cast and machined in 
a Blaw-Knox Steel Foundry. Weight— 231,000 pounds. 


~~ 


Blaw-Knox Steel Foundries have machine capacity 
to handle the most unusual product requirements 


Planing, turning, milling, or boring the most unusually 
dimensioned casting is no problem in a Blaw-Knox 
Steel Foundry. There you will find planers up to 15 feet 
X 15 feet < 36 feet, lathes with an 84 inch swing, and 
planer type milling machines up to 6 feet x 6 feet x 25 
feet. In the same machine shops, you will find the 
smallest precision tool room equipment. 

This huge line-up of tools is part of the basic equip- 
ment of each of the five Blaw-Knox Steel Foundries. 
Because Blaw-Knox is one of the world’s leading 
builders of rolling mills and industrial machinery, its 
machine shops are equipped to handle all of the opera- 
tions necessary to finish a steel casting for assembly 


into the complete unit or sub-assembly. 

Machining to exact specifications with a wide variety 
of tools is another way Blaw-Knox Steel Casting 
Service adds value to your product. There is no need 
to ship the rough casting to another location for 
machining. You have the advantage of a single respon- 
sibility from patternmaking to shipping. 

If you design or build a product using cast steel com- 
ponents, ranging from 50 pounds to 300,000 pounds, 
Blaw-Knox would like you to have a copy of our 
brochure detailing Blaw-Knox Steel Casting Service. 
Write to the Foundry and Mill Machinery Division, 
300 Sixth Avenue, Pittsburgh 22, Pennsylvania. 


BLAVW/-KNOX 
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This mark tells you a product 
is made of modern, dependable Steel 


How a 

“specially tailored” strip 
reduces production rejects 
almost 25% for Kromex 


Kromex, Inc., Cleveland, Ohio, turns out a com- 
plete line of pantry ware, but they were having 
trouble with a square, mirror-finish chromium- 
plated cake cover that was made with a single 
deep draw. Rejection rate was a stunning 25%. 
They first tried a No. 3 finish for this applica- 
tion, but because of the very deep draw and the 
dense and smooth surface, satisfactory lubrica- 
tion was near impossible. The result: Excessive 
draw marks and breakage. A regular No. 2 finish 
was then tried. The draw was successful. But 
buffing and finishing costs were prohibitive for 
this application. 

American Steel and Wire salesmen conferred 
with our Metallurgical Department and sug- 
gested a specially tailored No. 3 finish. Reject rate 
dropped to less than 19% because the special 
surface was able to hold lubricant evenly, but 
smooth enough to draw and plate flawlessly. 

Kromex is one more example of how strip, 
tailored to end use, works to produce a better 
product at lower cost. When you buy strip, you're 
buying a specific chemistry, temper, dimension, 
edge and finish that is consistently uniform 
within the coil or from coil to coil. Certain of 
your processing steps may actually be eliminated 
by using cold rolled strip, produced in our mills, 
and tailor-made for your specific end use. 

Take a hard look at your production line and 
let our salesmen and metallurgical people look 
too. There’s a good chance you can improve 
quality and cut production costs at the same 
time with tailored-to-the-job cold rolled strip 
from American Steel and Wire. American Steel 
and Wire Division, Rockefeller Bldg., Cleveland 


2 P rceo 
13, Ohio. USS and American are registered trademarks 


American Steel and Wire 
Division of 
United States Steel 


Columbia-Geneva Steel Division, San Francisco, Pacific Coast Distributors 
Tennessee Coal & Iron Division, Fairfield, Alabama, Southern Distributors 
United States Steel Export Company, Distributors Abroad 
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Bodine offers ADE (After Delivery Economies) plus... 


The widest choice of small 
synchronous motors 


More than 385 sizes and capacities—1/2000 to 1/6 hp 


Bodine Reluctance Synchronous Motors. Split- 
phase, permanent split capacitor or three-phase. 
Speeds, 1800 or 3600 rpm. Torque, 0.18 to 
70.0 in/oz. 





Bodine Hysteresis Synchronous Motors. Perma- 
nent split capacitor. Three-phase also available. 
Speeds, 600 to 3600 rpm, one or two-speed 
types. Torque, 3.2 to 93.3 in/oz. 





Bodine Reluctance Synchronous Speed Reducer 
Motors. Split-phase, permanent split capacitor 
or three-phase. Speeds, 0.62 to 300 rpm. 
Torque, 1.0 to 350.0 in/Ibs. 





Bodine Synchronous Motors, like all other 
Bodine Motors, offer you the advantages of 
ADE (After Delivery Economies). This means 
years of trouble-free operation where it counts 
most. ..in the hands of your customers. End costs 

are lower because 


Bodine Motors per- 


NEW-—ask for 20-page 


BODINE 


so 
fractional 00 horsepower 


MOTORS 


we 
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form consistently, seldom (if ever) require field 
servicing. They're easy to fit-in because precision 
production control assures that dimensions are 
exactly the same from motor to motor. . . from 
lot to lor. And you rarely encounter inspection 
or test rejects. In short, Bodine Motors help 
your product earn repeat sales. 


Bulletin No. 1036, ‘‘Bodine Synchronous Motors." 


Fractional Horsepower Motors for: Office computing and account- 
ing equipment:+ Engineering, laboratory, and research instruments 
Photographic equipment + Musical instruments « Electrical industrial 
apparatus + Therapeutic and medical equipment « Communication 
equipment - General industrial machinery » Metalworking machinery 
Service industry machinery « Optical instruments - and any equip- 
ment that requires quality fractional horsepower electric motors 


Bodine Electric Co.,2510 West Bradley Place, Chicago 18, Illinois 
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Now: Instant Molds 


Think of a silicone rubber you can pour 
into place to produce flexible molds, to 
encapsulate to 
make a one-of-a-kind gasket or seal. 
Think of such a material and you think 
of Silastic® RTV. 
fluid 
flows in 


electronic assemblies, 


Silastic RTV 

complex 
RTV 
up without heat in a few hours to a solid 


Because it is rubber, 


readily and around 


shapes. Once in place, Silastic sets 
silicone rubber accurately reproducing the 
detail. It strips from the 


original and you have a flexible mold now 


finest readily 
ready to receive almost any molding mate- 


rial, even molten metals up to 500 F 


Shallcross Manufacturing Company, Selma, 
N. ¢ 


tion by 


found it feasible to shortcut produc- 
RTV 
encapsulating electronic components with 
the simple 
Shallcross followed: 


Make the 
the 


utilizing Silastic molds when 


epoxies. Here’s procedure 
RTV is 

flows 
Result: a 
withstands 


Silastic 


forms 


Step. 1. mold 


poured over mold 
the 


mold 


form 
that 


doesn’t shrink 


smoothly around 


void-free flexible 
temperatures to 500 F 


or distort on aging. 


Step 2. Components to be encapsulated are 
the and the 
poured over them. After the encapsulant 
sets up, parts are ready for removal. 


placed in mold material is 


FOR DATA RELATING TO THESE ARTICLES, CIRCLE REFERENCE NUMBER IN COUPON ON NEXT PAGE 
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AIR-CONDITIONED HEAT 


How to keep a comfortable temperature 


| level in passenger cabins while planes 


are on the ground? Janco Corporation, 
Burbank, California, solved this prob- 
lem for Convair 990’s and other aircraft 
having pressurized cabins by designing 
auxiliary electrical heaters to be in- 
stalled directly in the air ducts of the 
plane’s air conditioning systems. 
Rated at KW input, 115 200 
400 cps, 3-phase, the space-saving Janco 
heaters are capable of heating 90 pounds 


15 volts, 


Parts release quickly and cleanly 
the flexible Silastic RTV multiple 
form. The form is clean ready 
Pg 


Step 3 
from 
cavity 


for next use. (Cont 


| 
| 


of air per minute at sea level (29.92 inches 


of mercury) to effect a temperature rise in 
excess of 45°F. An important key to the 
reliability of 


is the inherent toughness of parts made of 


efficiency and these heaters 


Dow Corning silicone molding compound 


These include 21 coil bobbins on 


parts 
which resistance wire is wrapped to form 
radiant heater elements and an assortment 
98 washers that the bobbins to 


of secure 


metal mounts. In actual service, the sili- 
cone molding compound parts are exposed 
that 
most plastics and are unaffected by 
that 


materials 


to oven-like temperatures would 


“wilt” 
would 


rapid cycling 


crack many 


temperature 
conventional 


According to Janco’s materials control 


engineers, the silicone molding compound 
was specified because (1) this material has 
superior physical and electrical properties 
at —67 to 500°F, (2) is easy to mold into 
complex shapes designed for strength and 
light weight, and (3) the silicone parts are 
completely odorless and give off no offen 
sive vapors despite high operating temper 
atures. Janco molds the parts into finished 
shapes in a transfer molding machine, post 
cures them up through 500°F. (Con:. Pe 


MORE 
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BUILT TO 


A current confirmation of the old adage 
that “a quality product will always sell” 
is the Scout all-purpose vehicle manu- 
factured by 
Company. Though the company origin- 
produce 18,000 
units the first year, it topped that mark 
in July, may turn out as many as 40,000 
the first year. 


International Harvester 


ally planned to only 


Why is the Scout scoring such a smashing 
sales success? One answer is its versatility. 
But another just as important success stim- 
ulant is the dependable performance 
designed into this vehicle by IH engineers. 
Take the crankshaft oil 


seals, for example. In the Scout, they’re 


front and rear 


made of Silastic”, the heat resistant sili- 


cone rubber developed by Dow Corning. 


Why Silastic? 
rubbery 


Because Silastic stays 
maintains a positive tight seal 
capable of taking a beating even when the 
And it’s really “on” when oil 


temperatures can reach 270-280 F as they 


“heat’s on” 


may do in the Scout’s 4-cylinder Comanche 
A truly imaginative piece of design 
engineering, the Comanche is basically the 


engine 
right bank from the 304 cu. in. displace- 


ment engine of International Harvester's 
small V-8 series. Since Silastic oil seals, 
Yale Rubber Co., Sandusky, 


Michigan, passed all high temperature per- 


made by 


LAST...AND SELL 


formance tests and are standard equip- 
ment in the small series V-8’s, why change? 
By the way, these small series V-8 engines 
power International Harvester trucks at 
GVW up to 41,000 pounds. 


Just as Silastic met the material require- 
ments of this design, it can meet your 
rubber parts to operate at 
extreme high and low temperatures. For 
No. 243 


needs for 


full information, circle 


MOLDING COMPOUNDS (on: 
Dow Corning recently established a special 
facility to render engineering service to 
fabricators and end users of silicone mold- 
ing compounds. The staff at this facility 
will gladly assist you in getting the most 
from thermosetting silicone com- 
pounds. For information about this service 
. No. 241 


value 


and silicone compounds, circle 


Cont.) 


INSTANT MOLDS 
The moldmaking material Shallcross pre- 
viously employed required a 300F cure, 
distorted on aging and cost substantially 
more. In contrast, Shallcross 
found Silastic RTV molds are easier to 
handle have a 400% longer service 
life . . . don’t distort, shrink or alter their 
shape during storage . . . give finer detail. 
For information on what Silastic RTV can 
do for you, circle . No. 242 


engineers 





Announce materials 
engineering conference 


Further evidence of the growing recog- 
nition for the importance of materials 
engineering is found in the announce- 
ment that the American Institute of 
Chemical Engineers will sponsor a day- 
long materials engineering program 
during its 1961 annual meeting. 
Scheduled for December 7 in the Com- 
modore Hotel, New York City, the 
conference will be open to all interested 
persons, AIChE members and non- 
members alike. 


Chairman for the AIChE Materials En- 
gineering program is E.G. Bobalek, Pro- 
fessor of Chemical Engineering at Case 
Institute of Technology. Dr. Bobalek 
has announced the morning session will 
feature a panel discussion with the 
theme ‘“‘Materials Engineering, the 
Modern Concept and Present Day Prac- 
tice”. Members of the panel are H. R. 
Clauser, Editor, MATERIALS in Design 
Engineering; S. W. Herwald, Vice Pres- 
ident, Westinghouse Electric Corpora- 
tion; G. A. Hochwalt, Vice President, 
Monsanto Chemical Company; and L. 
H. Van Vlack, Professor of Materials 
Engineering, University of Michigan. 
The afternoon session of the program 
will be devoted to the presentation of 
papers by leading aerospace authorities 
and others in the materials field. 

If you’re interested in materials or 
materials engineering, and expect to be 
in the New York City area at the time 
of this pace-setting conference, why 
not plan to attend? 

AIChE Materials 
Engineering Conference 
December 7, 1961 
Commodore Hotel 

9-11 a.m., 2-5 p.m. 


The event: 


The date: 
The place: 
The time: 
For complete information about the 
conference, including abstracts of all 
papers and names of all scheduled 
speakers, circle 


Space Age Silicones are described in new 


containing thirty typical application 
Utilization of silicone compounds, fluids, 


rubbers, resins, 


brochure 
stories. 

lubricants, protective coatings, 
potting materials and sealants are illustrated for 
your consideration. This valuable brochure offers 
many problems encountered in 
designing space age aircraft and ground sup- 


No. 245 


solutions to 


port equipment. 
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NO STARTING PROBLEMS 


with 


WAGNER CAPACITOR-START MOTORS 


Pack more power into less space...give long 
= mee a troublefree service...are easy to hook up 


The starting winding is disconnected 

from the line by this Wagner designed Here are general purpose single -phase motors that have high starting torque and 
switch test proved to moke more thon 
a million breaks. (That adds up to two 
starts per hour for 50 years!) close to their rating, they'll give positive starts every time lroublefree operation 


high pull-in torque. When used in the proper applic ation and supplic d with voltage 


is assured thanks to the positive action of the Wagner governor mechanism 
and long life quick-bre ak switch 


Wagner [ype RK Motors par k more power into less space Small enough to fit 
in tight spots their ruggedness is built-in permits direct mounting. They are 
available in a range from !4 through 5 horsepower with sleeve or ball bearing 

and with rigid bases or resilient mountings. And, sleeve bearing fhp models can 


be operated in any position 


Get these motors from leading distributors in your city, or from Wagner Sales 
Offices in 32 cities across the country. Your Wagner Sales Engineer will be glad 
to help you select the right motor for your applic ation. Wagner Bulletin MU-217 
gives full details on Capac itor-Start Motors 


Quick Connect Terminals 

Bross tabs on terminal studs permit a aoe Co > 
ae te erate aah gene Waakner Electric rporation 
wiring time to speed assembly line pro 6406 Piymouth Avenue, St. Louis 33, Missouri 
duction. Simply press the lead receptacle 


on to the stud—oa positive connection 
is assured 


All-Angle Operation 


The sleeve bearing design, in fractional 
hp ratings, has a positive lubrication 
system that permits operation in any 
position... can mean important savings 
in motor costs to manufacturers, 


RIGID BASE 
V4 THRU 5 H.P 


RESILIENT- MOUNT 
Ve THRU 5 H.P 


4 


CIRCLE 41 ON READER SERVICE CARD CIRCLE 42 ON READER SERVICE CARD_, 





TWO NEW SPANGLE-FREE ARMCO ZINC-COATED 
CAN GIVE YOUR PRODUCTS STYLE AND 














STE E LS Armco Zinccrip A— and ZINCGRIP A, PaiNTGRIP offer excellent surfaces for painting, un- 
broken protection from rust, faster spot welding. 


Spangle-free surfaces on new Armco ZINCGRIP® A and ZINCGRIP A, PAINTGRIP® permit 
STA M | NA finishes rivaling those on cold-rolled steel. ZINCGRIP A requires pre-treatment for painting, 

but ZINCGRIP A, PAINTGRIP comes with a mill-applied paint-holding surface that takes paint 
immediately and holds it longer. 

Severe fabrication won't cause their coatings to flake or peel. They're as workable as 
Armco ZINCGRIP Steel, the original continuous hot-dip zinc-coated steel. 

Spot welding goes easier, too. Twice as many spot welds can be made before electrode 
tips need redressing as with regular galvanized steels. 


Coils and cut lengths of these spangle-free grades are 


available in gages from 16 through 24, depending on Put this symbol of 
width, in widths up to 48 inches, depending on gage. Mail and economy on 
the coupon for details. —— 


The first two samples are painted and 
unpainted Armco Zincerip A, PAINTGRIP; 
the third and fourth are cold-rolled steel 
treated for painting. All were exposed 3 
years in Armco’s corrosion testing yard. 
Note absence of rust on the Zinccrie 
A, Painterip. Even paint on the cold- 
rolled steel did not ward off corrosion. 


Sample at left is cold-rolled steel, sur- 
face-treated for painting; sample at 
right is Zinccrip A, Paintcrip. Top half 
of each is painted. There’s little to 
choose in appearance, yet Zinccrip A, 
Paintcrip offers lasting protection. 











Armco Division, Armce Stee! Corporation 
2101 Curtis Street, Middletown, Ohio 


Please send me your product data bulletin on 
Armco Zinccrip A and Zinccrip A, PAINTGRIP. 














€ ? a 
ARMCO Armco Division 
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ACCURATEREMOTE CONTROL 
FOR HUNDREDS OF PRODUCTS 


——with Tru-Lay/454-WW\\ Controls 


If your products involve remote control—electrical, hy- : 
draulic, pneumatic or direct—TRU-LAY PUSH-PULL FLEX- : COMPLEX MECHANICAL 
IBLE CONTROLS can help solve your design problems. They LINKAGE 
provide positive remote control over short or long dis- 
tances—up to 150 feet from the control point. Because 
they operate while flexing, they can snake around ob- 
structions. They will not buckle. They are ruggedly con- 
structed, easily installed and operated, sealed against dirt 
and moisture, and will handle jobs with as much as 1,000 
lbs. input. PUSH-PULL CONTROLS are simple, have but one 
moving part, are noiseless and give a lifetime of accuracy. 
Mechanical linkages, on the other hand, are complex. 
Unlike PUSH-PULL CONTROLS, they are made of many PUSH-PULL 
parts, wear at many points, and produce increased back- 
lash, vibration rattles and lost accuracy. 


THESE FEATURES HELP SOLVE DESIGN PROBLEMS 














Anchorages Swivel Action 


| 


Standard assemblies have end fittings with a swivel 
movement of + 8° to compensate for misalignment 


and rise or fall of lever arms. Swivel joints, and the 
sliding ends, are sealed against dirt and moisture. 
































aaa iain 


Bulkhead anchorage: for heavy-duty installations TO SIMPLIFY, IMPROVE DESIGN 








e Write for your PUSH-PULL 
Data File. It contains a 
complete set of engineering 
bulletins which describe in 
detail the operation of 
PUSH-PULL CONTROLS, their 
se ications, features and 
Machined bracket anchorage: can be furnished for pr ica 
mounting any PUSH-PULL cable at the swivel terminal 


“S° PUSH-PULL CONTROLS 


Automotive and Aircraft Division »« American Chain & Cable Company, Inc. 
601-E Stephenson Blidg., Detroit 2 
6800-E East Acco Street, Los Angeles 22 - 929-E Connecticut Ave., Bridgeport 2, Conn. 
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DESIGNERS METAL DIVISI 


of Southern Electric, Inc. 
8701 SOUTH GREENWOOD AVE., CHICAGO 19, ILLINOIS 


EXPANDED 
METALS 


The designer now enjoys new 
opportunities for the enrichment 
of product appearance with 
“DECROMESH" expanded metal 
meshes by DEMCOR. 


DECROMESH designs can be 
furnished to your specifications as 
to kind of metal, color, finish, 
sheet size, pre-cut shape or fabri- 
cated assembly. Many designs can 
be modified to change mesh ap- 
pearance and texture. 

Look further into the possibili- 
ties with DECROMESH expanded 
metals by DEMCOR. Send for our 
New Catalog 61, today! 
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MANUFACTURERS OF MICROMESH, DUROMESH AND DECROMESH EXPANDED METALS 
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Fractional 
Horsepower 
Motors 


6 


Lamb Helps You Select 
The Right Vacuum Cleaner Motor 





9/16 HP, 5-11/16” fan case diameter 


1$-14750 
thru 
ventilated 
APPLICATION: Do- 
mestic portable 
cleaners. 
1$-14809 
by-pass 
ventilated 
APPLICATION: Wet 
pick-up portable 


Service Life: Moderate Cleaners and 
Cost: Low central cleaning 
Bulletins 101 & 201 systems. 


NEW 


1 HP, 7-3/16” fan case diameter 
APPLICATION: Central vacuum systems in 
particular, also portable commercial 
wet and dry cleaners. 





1S-15100 
Diffused 
air 
discharge 
1S-15110 
Single air 
discharge 


Service Life: Moderate 


Cost: About twice cost of 9/16 HP 
Bulletins 251 & 252 





7/8 HP, 7-1/2” fan case diameter 


APPLICATION: Portable Heavy Duty Com- 
mercial Cleaners and Central Systems 
(three-stage). 


1S-14786 
2-Stage 


1S-14787 
3-Stage 


Service Life: Long 
Cost: About 3 times cost of 9/16 HP 





idvertisement 


1S-15100 (Diffuser Discharge) 


1S-15110 (Single Air Discharge) 


Special Requirements of Central Vacuum Systems 
Met by New High Performance Motor 


Existing vacuum motors have been 
designed to perform best when in- 
corporated into portable vacuum 
cleaners of standard types and sizes. 
Such motors are built to produce 
highest efficiency under air flow con- 
ditions that exist in normal domes- 
tic and industrial cleaning service 
and where hoses are of normal length 
and diameter. 


On special applications, like central 
vacuum cleaning systems that utilize 
extremely long cleaning hoses, and 
where tubing losses are present, a 
special motor is required. To meet 
this need, Lamb now offers a vacuum 
motor which will maintain a rela- 
tively high vacuum with a modest 
amount of air flow. The result: these 
motors operate at high efficiency in 
the high vacuum range without sacri- 
ficing air flow performance under 
low vacuum conditions. 


INPUT — 10 AMPERES at 
115 VOLTS 


For economical, cleaner design, this 
rating at Underwriters’ test point 
was selected as the input limit. This 
allows use of line cord not exceeding 
number 16 type SJ and control 
switches of 10 ampere rating. 


NEW TAPERED BLADE DESIGN 


On central systems which employ 
centrifugal dirt separation, a small 
amount of fine dirt and lint must pass 
through the fan and is discharged 
outside of the building. For maxi- 
mum efficiency, this type of fan 
blade is designed with a long back- 
ward curving sweep which, however, 
may accumulate fine dirt due to cen- 
trifugal action. This dirt builds up 
to a point where starting acceleration 
dislodges dirt from one blade, result- 
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ing in unbalance, noise, and vibra- 
tion. Special steep angle blades have 
been used but they also have serious 
performance limitations. 


Lamb research has developed a mod- 
erately steep blade angle plus a 
tapered form. The result is a compro- 
mise that yields excellent perform- 
ance and all but eliminates the dirt 
loading problem. 


CHOICE OF AIR 

DISCHARGE SYSTEMS 

Lint accumulation is minimized and 
high vacuum is improved in the 
IS-15110 with a single tangential 
discharge pipe. This allows for easy 
connection to a discharge piping 
system, if desired. 

The IS-15100, by discharging air 
through slots in the fan case, results 
in better noise suppression. 


FAN-END BEARING IS 
PROTECTED BY AIR COOLING 


Motors in central vacuum systems 
are often required to operate for long 
periods of time under sealed condi- 
tions — which results in a high tem- 
perature rise in the fan system. In 
ordinary by-pass type motors, the 
electrical parts have a separate cool- 
ing system, but bearings in the ad- 
jacent fan case often become hot 
enough to destroy the lubricant. 
Early failures can and do result. 
Lamb’s new motor prevents this by 
providing a unique ventilating sys- 
tem which directs cooling air over 
the fan-end bearing and protects the 
motor from harmful heat built-up 
within the fan case. For complete 
details, write to Lamb Electric Com- 
pany, Kent, Ohio — ask for bulletins 
shown at left. Also available — explo- 
sion-proof model. Ask for bulletin 401. 
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ION OF CALUMET & HECLA, 


FLEXIBLE METAL and SYNTHETIC HOSE 
EXPANSION JOINTS 
BELLOWS + SPECIAL TUBULAR ASSEMBLIES 


vis 
6 «& 


Uniformity of effective area and spring 
rate... adaptability to a wide variety of 
fittings ...a broad range of sizes and ma- 
terials ... and proved long cycle life. These 
are sound reasons why leading manufac- 
turers specify Flexonics bellows for tem- 
perature and pressure measurement, shaft 
sealing, even transmitting low-torque 
rotary motion. Important, too, is that the 
majority of these companies rely on 


ast Devon Avenue . Bartiett, 
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fitinois 


In CANADA 
FLEXONICS CORPORATION OF CANADA, LTD. 
BRAMPTON, ONTARIO 


Flexonics to furnish the complete bellows 
assembly. They have learned that the deli- 
cate and intricate operation of applying 
fittings by circular resistance welding, 
inert arc welding, silver brazing and soft 
soldering can be more ably performed by 
Flexonics highly skilled technicians. Full 
responsibility is with one source. Call on 
your Flexonics bellows expert or write for 
Flexonics Design Guide Number 231 


FLEXONICS 
INC. 
Bartlett, Illinois 


bellows application. 


386 East Devon Avenue 


- 
ae 
ym ATTACH TO YOUR LETTERHEAD |= 
rye 
oS 
Menontes 
Please send my personal copy of 
Flexonics Bellows Design Guide 


No. 231, covering in detail 
Flexonics products and service for 


i 
we 


of 
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— 
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NEW 
MODEL? 
NEW 
PRODUCT ? 


NOW'S THE TIME TO EXPLORE 
NEW SAVINGS WITH DELCO MORAINE 
SINTERED METAL PARTS 


1 a product? Look carefully 
parts may offer 


eliability <x it 





‘f several parts. Or « 


special character 


DELCO MORAINE 


St Mi acta ea ea alti tele one i 


lp dy a 





Division of General Motors, Dayton, Ohio 
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Wide range of parts includes (top, left to right): valve stem deflector, condenser seal, (bottom) seal piston rod 


packing, universal joint seal, and oil seal. These vary in dimensions up to 1'/2 


in diameter and 1” in thickness. 


NEW! Precision rubber parts continuously 
molded in high volume... at 


Precise tolerances within +0.003 in. 
are now possible in large volume 
production of custom-molded rubber 
component parts. Ohio Rubber’s new 
high-speed, continuous molding process 
produces such parts at rates of up to 
200,000 pieces per day. 


Greater precision, which results in 
important savings on finishing costs, is 
assured through use of single-cavity, 
self-registering molds. They permit 
accurate, uniform application of pres- 
sure to minimize flash—maintain con- 
sistent tolerances for all dimensions. 
Uniform material thickness is equally 
assured by a plasticizing mill, which as 
an integrated part of the process directs 
uniform charges to each mold. 

Direct feeding, from the mill to the 


mold wheel, eliminates the conventional 
intermediate extrusion step and further 


insures part uniformity and quality 
consistent with specifications. The con- 
tinuous process permits precise control 
of time and temperature for each part. 


Large volume production results in 
substantial cost savings for small, 
precision parts requiring tolerances 
obtainable by other precision molding 
processes. For parts formed by less 
precise, conventional methods, per- 
formance can be improved through 
and without prohibi- 


tive increase in cost. 


greater accuracy 


Quantity requirements involving 
500,000 or more parts annually are 


lower cost 


recommended for most advantageous 
use of the new process. Since two simi- 
lar parts of different size can be pro- 
duced simultaneously by alternating 
the molds on the molding wheel, lower 
production runs which might not be 
economical can be combined with a 
separate order. 


Complete information on this revo- 
lutionary new process is available in 
bulletin form. Send for your free copy 
today. At the same time, be sure to 
inquire about Ohio Rubber’s complete 
component “Customeering” service — 
molding, extruding, and bonding-to- 
metal. Just mention ORCO Bulletin 715. 

DE-260 


THE Onto Russer CoMPANY 


General otficee WWI LLOUGH BY, QHIO «wiiienai2-0500 
A DIVISION OF THE EAGLE PICHER COMPANY 
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function for axial assembly 


for taking up end-play 





axial assembly radial assembly 





nomenclature heavy duty 


bowed 
e-ring 


prong-lock. 


beveled 





/ 
| 
\ 





5000 
series no. N5000 5100 5160 5008 5108 


5002 
N5001 5101 N5002 5102 5131 513 





internal for External 


Housings, Bores 


External 
for Shafts 


External 
for Shafts 


internal for 


application Housings, Bores 


internal for 


for Shafts Housings, Bores 


External 
for Shafts 


External 
for Shafts 


internal for 
Housings, Bores 


External 
for Shafts 


External 
for Shafts 





in. 250 — 10.0 2 10.0 394 —2.0 750 — 4.0 


size 


500 — 4.0 


250 — 1.500] .188—1.500 1.0 — 10.0 1.0— 10.0 | .110 —1.375] .092 — 438 





range 
B mm. 6.4 — 254.0 10.0—50.8 | 19.0 — 101.6]12.7 

















function for radial assembly 


101.6 


4.8 — 38.1 | 25.4 — 254.0 28—349 

















6.4 — 38.1 


self-locking types 





reinforced 
nomenclature crescent e-ring interlocking eal 


triangular | triangular 


circular self-locking self-locking aut 


grip-ring 





~Y 


ro 





series no 5103 5133 5107 5144 


5115 5105 5005 5555 5305 5300 





External 
for Shafts 


External 
for Shafts 


External 
for Shafts 


External 


application for Shafts 


External With Threaded 
for Shafts Screw 


External 
for Shafts 


internal for 
Housings, Bores 


External 
for Shafts 


External 
for Shafts 





125 — 2.0 040 — 1.375 469 — 3.375 094 — 562 


094 — 1.0 094 — 1.0 312 — 2.0 079 — 750] 062 — 438 





10-349 11.9 — 85.7 24 — 143 














3.2 50.8 





Truare retaining rings are precision-engineered fas- 
teners which simplify design, speed production and 
reduce material, machining and assembly costs. They 
may be used to retain components on shafts and in 
bores and housings .040” to 10” dia. — and rings as 
large as 40” dia. have been developed for special appli- 
cations! Truare rings are installed in easy-to-cut 
grooves and self-locking types are available which do 
not require any preparatory machining. Altogether, 
there are 50 functionally different types .. . some with 
as many as 98 sizes ... in 6 metals and 13 finishes. 


More than a fastener! Truarc rings function as 
mechanical components by replacing machined shoul- 
ders, set collars, rivets, threaded fasteners and other 
bulkier and more expensive fastening devices. They 
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e 2.0 — 19.0 

















eliminate drilling, tapping, threading and other costly 
machining operations. Speed of assembly and disassem- 
bly further reduces manufacturing costs and simplifies 
field service. 


Assembly tools for every requirement: 
Truarc offers you the most complete line of pliers, 
applicators, dispensers and portable magazine-fed tools 
for high-speed ring installation . even fully mech- 
anized and automated equipment for mass-production 
assembly operations. 

Engineering Service: We'll be happy to help you 
solve your fastening problems. Send us your blueprints 
or contact your local Truarc representative or distribu- 
tor. They’re listed in the Classified Telephone Directory 
under “Retaining Rings” or “Rings, Retaining.” 


WALDES 


TRUARC 


RETAINING 
RINGS 


‘ 


oN 
Ca 


CIRCLE 51 ON READER SERVICE CARD 51 





“AND 
THEN 

THE 
KEY 

CAME 


LOOSE... 
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“Well, the key broke a window—it could have killed someone. A shaft was scored . . . the 
loss of drive power resulted in a loss of material . . . over $1,000 . . . we had to postpone 
deliveries 4 days.”’ Frankly, this plant manager had it rough . . . though it could have been a 
lot worse, too.. But he could have avoided the trouble completely by using Worthington 
sheaves that have the Two Golden Screws. 

The Golden Clamp Screw at the left is an exclusive Worthington feature that locates and 
locks the hub securely on the shaft, permitting you to tighten the set screw without distorting 
the hub. And note that the two-piece hub-and-rim design simplifies installation. You install one 
piece at a time—or change sheaves without disturbing the hub or affecting the alignment. 

The Golden Screw on the right is the set screw i 
that turns down to lock the key securely in place. — oom 
It prevents potentially damaging key drift. There’s fg 
no extra cost for the set screw but it is worth its Tre cae 
weight in gold for the safety it provides. * 

These Worthington hubs are standard in three 
major Worthington drive systems: the new, 
money-saving, more compact Multi-Wedge Drive; the standard Multi-V Drive and the 
Positive Drive. Ask for one or more of the “how-to-figure-it” design manuals shown here. 
Your local Worthington distributor stocks these products. He’s listed in the Yellow Pages. 
Or write Worthington Corporation, Section 79-42, Oil City, Pennsylvania. 


WORTHINGTON 


PRODUCTS THAT WORK FOR YOUR PROFIT 




















L 








Multi-V Multi-Wedge Positive Drive 
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Automotive transmission stator blade 


Lightweight precision part for Smith-Corona “400” 

















a 


te ee Settee 
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These close-tolerance parts were produced with no 
machining costs! They’re Dow precision magnesium 
extrusions which require only end trimming or cutting 
to length before use . . . and where transverse holes are 
ELI M I NATE MACH l N ING, needed, drilling and tapping. Dow precision magnesium 
extrusions help manufacturers cut production costs, 
CUT PRODUCTION COSTS while providing tolerances as close as + .001 inch on 
critical cross-sectional dimensions, dimensional stability 
and light weight. There is no machining on the typical 


WITH MAGN FSI U M parts above . . . component for the ultra-modern Smith- 


Corona “‘400” Office Electric Typewriter; The Challenge 

0 XTR SIONS Machinery Company’s printer’s furniture; and auto- 
PRECISI N E U motive transmission stator blade. Precision magnesium 
extrusions can be produced with sharp V’s, thin notches, 

and accurate serrations. Complex parts can be given a 

consistent precision fit. For information, write to THE 


DOW METAL PRODUCTS COMPANY, Midland, Michigan, 
Merchandising Dept. 1104DZ10-16. 


THE DOW METAL” PRODUCTS COMPANY 
- Division of The Dow Chemical Company 
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a fog 
PW elelear 
filters? 


..» LET TROYFELT CLEAR THE AIR! 


If you're looking for a filter material that will outper- 
form any you've used before, you owe it to yourself to 
test Troyfelt. 

Troyfelt is a non-woven synthetic felt—the fibers are 
mechanically interlocked. This eliminates the need for 
chemical or mechanical binders within the felt—those 
troublesome elements that are the principal cause of 
“blinding”. 

Moreover, Troyfelt is a synthetic—available in Dacron, 
Orlon or blends. As such, it offers users outstanding 


abrasion, heat and chemical resistance properties. 


But most important: we can match your needs pre- 
cisely. We can give exactly the weight, density, thick- 
ness, permeability and strength you want. Tell us your 
problem and we'll “Tailor” Troyfelt to do the job. 


Meanwhile, send for samples and our latest brochure. 


TROYFELT—MATERIAL OF A HUNDRED AND ONE USES 
e vibration dampening « gasketing « seals « polishing 


e insulating . . . wherever felt’s a factor, test Troyfelt 


TROY LT... by the pioneers in non-woven synthetic felts 


INDUSTRIAL PRODUCTS DIVISION + TROY MILLS, INC. 


200 MADISON AVENUE - 
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TyniSwitch 


BASIC for 
Product Engineers 


Design engineers searching for com- Here is a precision miniature snap 
ponents to act as nerve centers for their switch available with a wide variety 
of actuators which will shave space, 
; . ‘ ae yet perform dependably hundreds of 
these American-Standard Controls Divi thensends of times. It makes and 
sion products. This is true of anybody breaks with virtually no bounce! Ratings 
up to 15 amperes. 


products are sure to find the value of 


who must control or indicate the pres- 

sure or temperature of gases and fluids 

or electrical energy. 
Amenican-Standard 


CONTROLS DIVISION 


Solenoid Valves 


You can get detailed information on 


any of these products by writing 

American-Standard Controls Division, 

a 5900 Trumbull, Detroit 8, Michigan. 
=~. Ss 
= ; 

t 

Widely used in the appliance and vend- 

ing machine industry, these valves 

have the ability to provide a pre- 

determined liquid flow without regard 

to pressure. Brass, stainless steel or 

nylon bodies. Wide selection of mount- 


ing brackets, line connections and 
electrical specifications. 


Remote Reading 
Thermometers 


/American-Standard 


CONTROLS DIVISION 


capillary tube lengths. 





CONTROLS DIVISION 


Rochester thermometers have wide 
applications ranging from low refrigera- 
tion temperatures to hot water tem- 
peratures. They are hermetically sealed, 
can be externally recalibrated. Avail- 
able in a wide variety of ranges and 


Amenican-Standard 


CONTROLS DIVISION 























with integral seals in a wide range of sizes 


These CFH and sealed SCFH series units previde a heavy stud for 
otherwise dimensionally standard CAMROL bearings. These new McGill 
cam followers offer increased diameter studs that provide greater shear 
strength to accommodate excessive stud deflection in critically loaded 
track, guide, support and cam follower applications. 

SCFH series heavy stud CAMROL bearings with integral seals for 
lubricant retention and protection against contamination are dimen- 
sionally interchangeable with the unsealed CFH series. 

Both series available from stock in roller diameters from %” through 
4"; larger sizes available on special order in production quantities. 









































For information and data on the complete line of McGill heavy duty needle roller bearings 
SCFH SERIES WITH send for Catalog No. 62. 
INTEGRAL SEALS 


engineered electrical products — 
ONSULT McGILL EARLY McGILL MANUFACTURING CO., INC. © 
Bearing Division SS i —E.. 
201 N. Lafayette St., Valparaiso, Ind 


specialized engineering saves time, improves design J 
\\ precision needle roller bearings 
~~ 
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For YOUR File... New é 
& 


new Industrial Retaining Ring Catalog, No. 61, 

ns complete information and engineering specifica- 

on IRR Internal and External Retaining Rings—both 

axial and radial assembly—from sizes .040” to 4.125”. 

It also has information of the exclusive, time-saving, IRR 

“PRE-STACKED” Axial Assembly Rings as well as informa- 
tion on IRR Pliers and Accessories. 


The Industrial Retaining Ring Catalog is easy to work with 
and from. It will greatly assist in design, purchasing and 


F ©) oO production. 
* >a «Originators of modern retaining ring dispensing 


INDUSTRIAL RETAINING RING COMPANY 
57 Cordier Street, Irvington 11, New Jersey 


Pett - 





U INDUSTRIAL RETAINING RING COMPANY 
se for 57 Cordier Street, Irvington 11, N. J. 
FREE Samples Please, send me samples of Industrial Retaining Rings and 

the new IRR Catalog No. 61. 
and Catalog 


Company 
Street . 


City 


sad aa SE ET TM OO KAP eT 
57 
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GUARDED BY GALVANIZED STEEL 


In 1960 the Motor City consumed a massive 218,964 net tons 
of galvanized steel sheets to fight car corrosion. That’s 38% 
more than was used in 1959 and over 700% more than in 1954. 


In the average compact car, for instance, Detroit now uses 
over 100 pounds of corrosion-resistant galvanized steel sheets. 
The results are numerous and notable: Car owners are getting 
greater durability and a sharp drop in maintenance costs and 
headaches. Manufacturers are getting the cost reductions 
inherent in galvanized steel’s simplified fabricating proce- 
dures. Head and tail lamp housings, for instance, formerly 
required five or six steps when zinc plated or painted after 
stamping. Now they are moved direct from press to assembly 
line with their tight zine coatings completely undamaged by 


MIDWEST STEEL 


Portage, Indiana 


Divisions of 


fabrication. The same economies apply to side members, 
rocker panels, front and rear rails and cross members. 


WEIRKOTE,® IN PARTICULAR! Widely used Weirkote 
is a natural for automotive applications, and the auto indus- 
try has been quick to put it to extensive use. To the inherent 
strength, economy and versatility of steel, Weirkote adds 
enduring zinc protection that can be worked to the very 
limits of the steel base without chipping or peeling. This 
superior product is the end result of years of experience and 
technical research devoted to coating steel sheets with zinc. 
Weirkote is manufactured by two National Steel divisions, 
Weirton Steel and Midwest Steel. Write Weirton Steel Com- 
pany, Weirton, West Virginia, for further details. 


—— 
WEIRTON STEEL 


Weirton, West Virginia 


\ comrant 


NATIONAL STEEL CORPORATION ® 
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ROTARY SERVO 
VALVE 


“) 
TORQUE 


GENERATOR ORBITROL 


Char-Lynn POWER STEERIN 


Now available for all Types of Vehicles 
3 Basic Controls « 30 Standard Models 


TORQUE GENERATOR is used to furnish 
POWERED OPERATION or TORQUE AM- 
PLIFICATION to mechanical steering systems. 

This remarkable steering control contains both 
a Servo Valve and Orbit Motor which delivers up 
to 1,100 in. lbs. of torque output at 1,000 PSI sys- 
tem pressure. Manual effort at the steering wheel 
is approximately 30 in. lbs. 

Direct thru linkage within the unit provides 
means for manual steering of the vehicle during 
“engine off” or emergency conditions. 


ROTARY SERVO VALVE is a remote control for 
steering systems where it is desirable to actuate 
the linkage by a hydraulic cylinder. Pressure 
feed-back provides “load feel” at the input shaft 
proportional to operating pressure. Also contains 
direct thru linkage for manual steering. 

Although designed primarily for power steering 
systems, this versatile valve has unlimited use in 
other applications requiring remote servo control. 


The all new ORBITROL is a completely integrated 
fluid steering control that eliminates any mechan- 
ical linkage to the axle. The ORBITROL provides 
remote rotary servo control with sensory direction 
and delivery measurement within the same unit. 
The hydraulic motor section of the Orbitrol 
functions as a metering device during normal 
power steering operation and reverts automatic- 
ally to a rotary hand-pump for emergency manual 
control. 
For complete information write: 
Char-Lynn Co., Dept. P-3 
bas 2843 26th Avenue South 
ost” Minneapolis 6, Minnesota 
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A MOTOR 
IS A 
SERIES OF 
CIRCLES 


BRACKET-TO-FRAME 
RABBET 


STATOR FRAME 1.D. 
STATOR CORE DIA. 








AIR GAP 

















+—ROTOR DIA. 
BEARING 0.D. 


JOURNAL DIA. 





all must be accurate and concentric 


In manufacturing Elliott Crocker-Wheeler motors, a dozen critical “circles” are formed accurately and con- 
centrically through unique and extraordinarily precise production methods. The result is exact alignment of 
all parts, true and uniform air gap, free-spinning rotor, quiet, cool, dependable operation. 

W Elliott Crocker-Wheeler integral-hp a-c and d-c motors—from smallest to largest—are offered in all conventional 
enclosures and modifications; with insulation to suit the application, including r EPARSEAL) epoxy insulation for use 
where conditions are most severe. wee 


ELLIOTT COMPANY GENERAL OFFICES: JEANNETTE, PENNSYLVANIA 
Fe PLANTS AT: Jeannette and Ridgway, Pa.; Springfield, Ohio 
TURBINES » GENERATORS - MOTORS - COMPRESSORS - TURBOCHARGERS - EJECTORS - STRAINERS - TUBE CLEANERS 
60 CIRCLE 60 ON READER SERVICE CARD CIRCLE 61 ON READER SERVICE CARD—> 





- 
' ® SKINNER provides ; 
custpm flexibility — a 
in standard. 
— solenoid valves 











Versatile, top quality V5, X5 line 
offers wide range of options 


Skinner’s two-way and three-way V5, X5 series of sole- 
noid valves has earned the description—‘“The Universal 
Line.”” With more than 100,000 variations possible, V5, 
X5 valves are available for every conceivable applica- 
tion. And top quality is emphasized with bubbletight 
sealing, and stainless steel body, plunger and sleeve 
assembly. Precision machining, unique welding tech- 
niques, specially designed and developed machinery 
and manufacturing methods are all used by Skinner to 
produce the best valves made. These valves are small, 
yet handle operating pressures as high as 3000 psi. They 
accommodate all media that do not corrode stainless 
steel. And no other solenoid valves offer so many 
optional features. Check the following options. 


FLOW CONTROL 


Precise, accurate control of media 
flow is possible with all Skinner 
V5, X5 valves. Both two-way and 
three-way valves are available 
with adjustable flow in the main 
stream, and with manual over- 
ride. Two-way valves are also 
available with adjustable by- 
pass. Exhaust flow can be con- 
trolled in three-way valves. 





PORTING 


Restrictions of installation 
or application, and mount- 
ing are minimized because 
Skinner provides a wide 
variety of port location 
options. V5, X5 valves are 
available with ports at right 
or left angles, on bottom, 
top, and sides for virtually 
all combinations of flow. 


COILS 


Skinner V5, X5 valves are avail- 
able with coils of many types for 
most DC and AC voltages at 25, 
50 and 60 cycle frequencies. 
Whether your requirements are 
} for continuous or intermittent 
performance, in tropical, high 
] 


moisture or high temperature en- 
vironments, or for dual voltage, 
Skinner UL approved coils are 
available with leads of several 
types and lengths. 


ELECTRICAL HOUSINGS 


Skinner offers an electrical housing for any application. 
Some of the most common are: 
standard %” NPT conduit 
grommet outlet 
single or double automotive terminals 
JIC housings with integral junction box 
AN connector for military applications 
strain relief connector for quick disconnect 
All housings are steel, plated for wear and appearance, and 
can be rotated 360° for easy installation. 
MOUNTING 
Skinner V5, X5 valves are pro- <r 9) 
vided with tapped holes for 
normal mounting, with mount- : 
ing brackets for panel or other 
surface, or with flange for 
direct mounting without 
threaded pipe connections. 
The Skinner V5, X5 series 
of two-way and three-way 
solenoid valves provides top 
quality design with orifices 
from 1%” to %” diameter, nor- 
mally open, normally closed, 
dual purpose, directional con- 
trol and multi-purpose, in standard and explosion-proof 
construction. Also included in this line is a three-way 
quick-exhaust type which is designed with an additional 
port to exhaust cylinders 4 times faster than standard types. 


Typical applications—machine tools, cylinder control, 
instrumentation and automation of all kinds, laundry 
equipment, aircraft and missiles, etc. For catalogs and 
complete information contact a Skinner Distributor 
listed in the Yellow Pages or write us at the address below. 


When you specify solenoid valves, specify Skinner. Skinner solenoid valves are distributed internationally. 


SKINNER Vaives 


SKINNER ELECTRIC VALVE DIVISION, 


THE CREST OF QUALITY 


THE SKINNER CHUCK COMPANY ¢ NEW BRITAIN, CONNECTICUT, U.S.A. 


PRINTED IN U.S.A 





Questions most frequently asked about 
drawings on Recordak 35mm microfilm 


“HOW CAN THEY HELP US?” 


First off, you’ll save tremendous amounts of 
file space .. . be able to keep all your draw- aa “ 
ings in card files at finger tips—ready for DO THEY MEET D.O.D. REQUIREMENTS? 
instant reference in a ReEcoRDAK Film Indeed they do! Recorpak Precision 
Reader. Think how that will do away with Microfilm “drawings in miniature” give 

the “wait” for costly reference paper prints! a minimum of 120 lines per mm resolu- 

tion at 30 to 1 reduction ratio . . . faith- 

fully reproduce the originals, down to 
“WHAT ABOUT COPIES?” last detail. What’s more, their back- 
grounds are remarkably uniform no mat- 

Paper prints, original or reduced-size, can ter what type or age drawings they’ve 

be made whenever needed directly from heen made from, 

the film image by low-cost photographic, 
or other methods. Duplicate microfilm 
cards for distribution can also be made “HOW CAN WE PUT OUR 
quickly from the master cards, which 


need not leave the file room, DRAWINGS ON MICROFILM?” 


Your staff can easily be trained in the use 
of Recordak equipment which is espe- 
cially calibrated to produce these superb 
images. Mail coupon today for free book- 











let which goes into more details on preci- 





sion microfilming available through 
Recordak or microfilming dealers of 


Recordak. 


MAIL COUPON TODAY 
RECORDAK 
CORPORATION 
415 Madison Ave., 
New York 17, N. Y. 
Send booklet describing 
Recorbak Engineering Drawing System and name 
of nearest microfilming dealer of Recordak. 


=RECORDPK’ 


(Subsidiary of Eastman Kodak Company) 
originator of modern microfilming 
—now in its 34th year 


IN CANADA contact Recordak of Canada Ltd., Toronto 


Name 





Company Position 





Address 








City Zone 
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You get MORE THAN A MOTOR with 


General Electric's Form G...for example... 


Versatility 
Personified 


That’s an apt description of General Electric’s 
Form G fhp motor if there ever was one. It’s the 
ability to modify, to adapt, to do things differently 
... todo them your way. 

Mount it horizontally, vertically, direct or belt 
drive ... whatever each of your products requires. 
You'll find in every case that General Electric’s 
Form G motor “can do.” 

In addition to versatility, you get these MORE 
THAN A MOTOR benefits with General Electric 
Form G motors: Years-ahead Design Leadership .. . 
Expert Application Aid ... Ease of Assembly ...On- 
time Delivery ... Fast, Local Service. 





THESE FORM G MOTOR VERSATILITY FEATURES 
MEAN GREATER DESIGN FREEDOM FOR YOU 


1. MOUNTING VERSATILITY—Both solid and 
resilient cradle bases permit rotation of Gen- 
eral Electric Form G motors within base to 
meet your design and space requirements. 


3. FAST VOLTAGE CHANGE—Sliding plates 
on terminal boards allow change from 115 to 
230 v operation (or vice versa) in one-fifth 
the time without confusion or error. 


5. ALL-ANGLE OPERATION—All-angle sleeve 
bearing and positive oil retention system allow 
you to mount standard Form G motors in any 
position. No need for costly specials. 


2. FAST ROTATION CHANGE—No need to 
specially order motors to meet your rotation 
requirements. Just interchange two motor 
leads; reverse shaft rotation in seconds. 


4. EASY, DIRECT MOUNTING—Mount Form 
Gs directly without expensive machining or 
brackets. Close end shield tolerances allow 
mounting of motor with simple through-bolts. 


6. COMPLETE LINE—Over 850 basic models 
—and literally thousands of variations—mean 
there's a standard Form G motor to meet 
your product's exact requirements. 


tion, call your G-E Sales Engineer or write for bulle- 
tin GEA-6424 to Section 721-08, General Electric 
Co., Schenectady 5, N. Y. 


You get these added values at no extra cost. So 
why settle for less? Form G fhp motors are availa- 
ble in NEMA 48 and 56 frames. For more informa- 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 





All things considered, CY MEL.’ is the plastic to consider. 


Consider basic properties of Cymel melamine plastic: Hardest surface of any plastic 
yet developed - best wear resistance « high impact resistance « outstanding electrical 
properties under adverse conditions « extraordinary flame resistance « good dimensional 
stability «resistance to heat, boiling water and attack by solvents. m Consider applica- 
tions: Cymel 592 (asbestos filled) for auto and aircraft ignition parts, radio, television 
and other electronic equipment components, circuit breakers, terminal blocks, switch 
gears. Cymel 1500 (wood flour filled) and Cymel 1502 (alpha cellulose filled) for auto 
ignition parts, connector plugs, industrial housings, meter blocks, wiring devices, 
switch gear housings. Cymel 3135 and 3136 —— fiber filled) for heavy duty naval, 
military and industrial switch gears, electrical and electronic components, coil forms, 
terminal strips, stand-off insulators. Cymel 3020 (fabric filled) for terminal strips 
and circuit breakers. = Consider the fact that other Cymel molding compounds are 
available for applications where beauty and color are essential. For complete infor- 
mation and technical assistance, contact your nearest Cyanamid office listed below. 


AMERICAN CYANAMID COMPANY ($C YA NADNSID __— PLASTICS AND RESINS DIVISION 


Wallingford, Connecticut. Offices in: Boston + Charlotte + Chicago + Cincinnati + Cleveland + Dallas + Detroit - Los Angeles + Minneapolis 
New York + Oakland + Philadelphia + St. Louis + Seattle. In Canada: CYANAMID OF CANADA LIMITED, Montreal + Toronto 
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DEVELOPMENTS TO WATCH 





Magnetic materials made by a new route—compacting fine iron wires—are under 
development at Rola Co, Richmond E 1, Victoria, Australia. The wires are 
sheathed in a nonmagnetic alloy which serves as both a bond and a magnetic 
separator, and they are drawn and swaged almost to whisker fineness. Preliminary 
reports indicate that the method will produce unusually ductile materials with con- 
trollable magnetization and a high coercive force. 

Cobalt as well as iron may be used as the magnetic material, and the sheathing 
tubes may be of tin-bronze or any other alloy of substantially different magnetic 
properties. Initially, the wire may be about 0.07 in. dia.; the sheathing, a tube 
with a 0.024 in. wall (OD 0.118 in.). This is drawn to 0.005 in. A bundle of several 
hundred such wires is inserted in a second tube, and again drawn down. The proc- 
ess is repeated so that, eventually, the individual filaments are almost as fine as 
single crystal whiskers and behave like finely-dispersed, oriented magnetic particles. 
Samples show a measured intrinsic calculated force of individual elements ranging 
as high as 800 oersteds. 

Rola has filed an Australian patent application on the process and is now 
developing equipment for commercial production. 


Inadequate design is holding back world sales of US electric motors, Business & 
Defense Services Administration claims. 

One problem is frequency. Many countries have standardized their electric 
power at 50 cycles rather than the US standard of 60 cycles. Foreign manufacturers 
are, therefore, in a position to ship standard motors from stock to meet their 
export as well as domestic demand; while US motors, even though rated at 50-60 
cycles, do not operate satisfactorily on 50-cycle current under load conditions. 
Also at fault—noncompetitive prices, inadequate service facilities abroad. 

World production of electric motors, now stands at well over $5 billion a year, 
with the US, UK and West Germany as the three leaders. Together, they produce 
75% of world exports. But US share of the market has dropped from 50% in 
1952 to less than 25%. 


Solutions to two tough bonding problems—for graphite and high-alloy steel—are 
promiised by research here and overseas. 

H. W. Davidson and J. W. Ryde of General Electric Ltd say graphite parts can 
be joined by first coating them with nickel and then bonding the metallized 
surfaces. The trick lies in depositing the nickel in a nickel carbonyl atmosphere so 
there is no increase in the gas content of the graphite. Coating temperature is in 
the 400-to-900 F range. The GE Ltd researchers have patented the process 
(BP 865,592) and assigned the patent to the company. 

No protective atmosphere is needed for a new high-alloy steel bonding process, 
described by J. B. Whitney of Boeing (Wichita) in a report prepared for the 
American Ceramic Society Enamel Div. By using combinations of ceramic adhe- 
sives with silver-base and nickel-base brazing alloys, he says, lap joints can be 
produced in A-286, 17-7PH and PH 15-7 Mo alloys that show room temperature 
shear strengths “in excess of 20,000 psi.” Work is continuing on further develop- 
ment and process techniques. 


An electromagnetic switch, especially designed for safety guards of machine tools, 
is being introduced by Ronald Trist & Co, Ltd, of Stough, England. The unit 
consists simply of a movable external assembly containing a spring-loaded perma- 
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nent magnet for attachment to the guard, 


and a fixed switch assembly in a dust- Retaining Externa/ 
magnet mognet 


proof enclosure. ‘ assembly 

The switch enclosure also contains a Fulerum \ dl eae 
permanent magnet, carrying the moving | 7” >> 
contacts. The unit is wired in series with 
the operating coil of the machine’s con- 
tact starter. 

When the guard is closed, the two 
parts of the unit are brought together, 
locating the external magnet in a T- 
shaped recess at the top of the switch 
enclosure, directly above the internal 
magnet. The repulsion between the two 
then sets the moving contacts, making — 
the circuit A-AB, and permitting the 
driving motor of the machine to be 
started. But when the guard is opened, 
and the two units separated, the A-AB circuit is broken and the driving motor is 
immediately shut off, snap action of the contacts being effected by another (retain- 
ing) permanent magnet in the switch case which attracts the primary internal magnet. 

The switch is designed for operation on ac, to 440 v (maximum rated load is 
1 amp) and will operate in any position, provided the fulcrum pin is horizontal. 








Conduit entry 




















Fluoride treatments for magnesium are turning out to be an excellent way to 
counteract the effects of sand blasting and prepare parts for subsequent painting 
or chromizing. They produce a smooth, white mat finish without dimensional 
change, and enhance the corrosion resistance of both cast and wrought parts. 
Such treatments can take the place of many conventional pickling and cleaning 
operations. But, Magnesium Elektron Ltd notes several cautions in regard to the 
process: 

In its latest report, MEL points out that the fluoride treatment is limited to parts 
made entirely of magnesium, or in which studs, inserts or attachments of other 
metals can be satisfactorily blanked off. 

Temperature, concentration, and applied voltage need fairly close control. (A 
voltage regulator is an essential part of the electrical equipment, MEL says.) Too, 
other systems—caustic soda, chromic acid, and the like—may be just as good or 
even better under some conditions. MEL makes no claims that fluoride is the final 
answer to corrosion protection under all conditions. 

A copy of the MEL report may be obtained from the company’s headquarters, 
5 Charles II Street, St. James, London SW 1, England; or from its US office— 
Rockefeller Center, New York 20. 

Note: for a comprehensive PE report on surface treatments for magnesium see 
PE—June 6 ’60, p 31. 


Novel forming processes—one that goes far under the sea, one that uses ultralow 
temperatures and one that forms by magnetic repulsion—are attracting new atten- 
tion. The reason: need to build bigger parts to higher strength specifications and 
form small parts of “exotic” materials. 

Last month Arde-Portland unveiled its cryogenic stretch-forming process that 
not only promises to give stainless steel burst strength as high as 400,000 psi, but 
also provides a better stress distribution in shaped, welded parts (corners are 
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rounded as parts are stretched, and the weld line itself is smoothed into the over- 
all contour). This, Arde believes, will permit use of much lighter gages. 

This is by no means the first application of cryogenics to forming of austenitic 
stainless steels. Boeing has been using temperatures to —100 F for sizing austenitic 
parts for some time (PE—Feb 15, ’60, p 61), and have achieved tensile strengths 
in the 200,000 to 225,000 psi range. But Arde is using much lower temperature 
(—320 F) and says its process will regularly give strengths of 260,000 psi. It can 
be applied to parts after fabrication, hence no weakening in subsequent welding. 

Biggest advantage is simplicity of tooling: The die is just a rolled and welded 
cylinder in which the “preform” is placed (parts are fabricated about 13% under- 
size, then stretched to finished dimensions). Liquid nitrogen is used for chilling; 
pressurized nitrogen gas for expansion. There is one limitation, though: parts 
heated above 800 F after stretching will lose much of their added strength. 





Forming at cryogenic temperatures is 
not the only way to get around the tool- 
ing problem. F. F. Fletcher of California 
General has a proposal for forming and i feciore cost 
curing large reinforced plastic parts—for r. a, in ploce 


rocket exhaust cones, for instance—that aluminum | 
mandrel ff 


is novel, to say the least. Noting that 
forming and curing parts of this type 
would likely call for a 15-ft, 150-ton 
pressure vessel which would cost about 
half a million dollars, he suggests using 
the “free” pressure in the sea around us. 
Why not, he says, wind the cone on its 
mandrel, fit it with a vacuum bag and 
heating envelope, and drop it into the 
sea? At 2500 ft, it would be subjected 
to a pressure of 1100 psi—quite enough 
for curing. The idea may sound fantastic. 
But the depth is not great compared to those envisioned for our Mohole deep-sea 
drilling operations and the idea may not be as far out as it seems. 


























Aimed at much smaller parts—but with special interest for forming “exotic” 
metals like molybdenum and titanium—is a third new simplified-tooling system. 
This is electromagnetic forming. It uses magnetic repulsion to compress or expand 
tubing, force assemblies together, or shape and emboss sheet blanks. Actually it’s 
a high-energy forming technique which will develop momentary pressures well 
above 500,000 psi, using magnetic fields on the order of 1 megagauss. An induction 
coil is placed in or around the part, a high-intensity magnetic field is established 
(by rapid discharge of a storage capacitor), and the induced current in the work 
piece or a piece of metal surrounding it, 
interacts with the coil field, producing a 
repulsive force that will shape the metal. 

General Atomic, one of the pioneers 
in this field, has now designed a mag- 
netic-forming machine for production- 
line use; has just published an excellent 
booklet describing the system. 

(Note: For more on metal-forming, see 
p 71 and 106.) 





Switch 

















Air cushions go king-size as the Maritime Commission initiates work on a “surface- 
effect” ship in the 100-ton range. It will be designed not only to move and hover 
a few feet above the surface of the water; but also to climb beaches and ramps. 
A ship of this type, the Maritime Commission says, would be about 142 ft long, 
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76 ft wide, with 22,000 hp capable of lifting and propelling the craft at more than 
100 knots while carrying approximately 46 tons of payload. Ultimately much 
larger craft capable of carrying many hundreds of tons will be built. 

Vehicle Research Corp has been picked to do the design work. Douglas Aircraft 
will be the major subcontractor. Construction will begin next year. 


There are plenty of novel developments in the aircraft field, too. It's “wipers away” 
for United Air Lines planes. They’re using hot air to shatter raindrops and vaporize 
them before they ever hit the windshield. High-velocity hot air (400 to 450 F) is 
led from the turbine engines via stainless steel tubes along the leading edges of 
the wings to a perforated tube located parallel to the windshields. Here, it shoots 
out, evaporating the rain; and, United says, in mo way impairing the pilot’s vision. 
The system, developed in cooperation with Douglas, is being installed on DC-8’s, 
and will be used on 720 and 727 planes. 


Wings with variable geometry—structures that will actually or effectively change 
position in flight just as a bird’s wings do, sweeping back for diving flight, straight 
forward for landing—are now on the drawing boards. The aim: planes that will 
operate as efficiently during subsonic flight as they do in the supersonic range. 

Several approaches are being tried under Navy, Air Force, and NASA sponsor- 
ship: folding wings, pivoting wings, sliding surfaces. 

Tests have already indicated that a supersonic transport with a 15-to-75 deg 
variable-sweep wing could achieve landing and takeoff performance comparable 
to that of present-day 707’s and DC-8’s. 

Many problems remain to be solved before such variable-sweep planes become 
operational. For the pivoted-wing type, for instance, an extensive development 
and test program is needed. As envisioned by NASA, such a program would 
include tests of models and large-scale joints under conditions of time, tempera- 
ture, and loading cycles simulating the flight-time history. 

There will be new control problems associated with variable sweptback wings, 
too, as Vice Adm J. T. Hayward, Deputy CNO for Development told the House 
Committee on Science and Astronautics. Much work, he says is needed to improve 
controllability when landing or taking off. 


New designation system for copper and its alloys, using 3-digit numerals, is now 
being actively promoted by Copper & Brass Research Association. Under this 
system, copper and copper alloys are separated. For example, phosphorus deoxi- 
dized high residual phosphorus copper, becomes Copper number 122. Beryllium 
copper becomes copper alloy number 172. CABRA has prepared a leaflet giving 
number, name, and composition for more than 100 wrought materials, for dis- 
tribution by its members. PE readers may obtain copies from suppliers, or directly 
from CABRA, 420 Lexington Ave, New York 17. 


Cryogenic data—linear expansion figures for more than 100 materials at tempera- 
tures from 0 to 300 K— is tabulated by National Bureau of Standards in a new 
report aimed to serve equipment designers. Compiled from a mammoth literature 
survey, the tables cover metallic elements, alloys, plastics, and elastomers—and 
they are surprisingly complete. Figures on linear thermal contraction and co- 
efficients of thermal expansion are given in 10-degree steps over most of the range 
for most of the materials. 

The report (NBS Monograph 29) will be available as a 22-page publication 
through Government Printing Office, Washington 25, D C for 20¢. —ARG 
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ENGINEERING 


A PE special report on 


Theoretical formability 


Design charts predict sheetmetal forming failures 
without trial and error, for 19 materials and 12 processes 
from brake forming to deep drawing. 


W W WOOD, project engineer 


R E GOFORTH and R A FORD, manufacturing research, Vought Aeronautics Div, Ling-Tempo-Vought Inc 


HEETMETAL can take just so 
much forming before it fails. But 
how much? And what kind of failure? 
Until now the only way to find out 
was to try to make a part—a costly, 
time-consuming process if it didn’t 
work; if it did work, then you’re never 
sure how much it was overdesigned. 
How much better if we could put 

a number on a material’s ability to 
withstand forming—a number based 
on well-known mechanical properties 
like yield strength and ductility. And 
then match this number against an 
index for the desired forming process. 
Theoretical formability is the pro- 
cedure we developed at Chance 
Vought, under an Air Force contract 
monitored by the Applications Lab- 
oratory Directorate of Materials and 
Processes, ASD, to predict the form- 
ability limits for 19 sheet materials 
applied to 12 common forming meth- 


ods. Our analysis proceeded through 
these seven steps: 

e Group forming processes by elas- 
tic considerations 

@ Define the source of failure 

e Establish parameters affecting 
failure 

@ Develop 
equations 

e Establish shape of failure curves 

© Verify theoretical curves by tests 
on specimens 

e Set up formability indices based 
on material properties 

While this project covered a specific 
list of materials, the formability in- 
dices are applicable to any sheetmetal, 
and a formability limit can be estab- 
lished from properties determined by 
simple tests. The index determines 
whether a given part can be success- 
fully produced from a selected mate- 
rial. To avoid failure, the formability 


basic _failure-limiting 


limit curve shows what geometrical 
limits are correct for producing a 
good part the first time, or what al- 
ternative forming method or material 
might give better results. 


How parts fail 


All failures in forming arise from 
splitting or from buckling, or a 
combination of the two. Splitting re- 
sistance depends on the strain a mate- 
rial will withstand before failure. Buck- 
ling resistance is determined by one 
of two edge conditions—freely sup- 
ported but constrained to remain 
straight (as the web of a channel), 
or free to bow as well as to rotate 
under bending (as the flange). 

Of the forming processes studied, 
five were found to be limited by split- 
ting, four by buckling, and four more 
by a combination of the two. 

Splitting failure is caused by a sur- 

















SINE WAVE 





1 Types of buckling 
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Table |— THE FORMING METHODS STUDIED 


FORMING METHOD 


Brake 
forming 


Deep 
drawing ond 
spinning 


Dimpling 


Rubber 
stretch 
flange 


Shrink 
flange 


Joggling 


Lineor 
stretch - 
hee/-in 


Sheet 
stretch 


Beading - 
rubber 
press 


PARAMETERS 


t 





FAILURE BY 


Splitting 


Buckling 


Splitting 


Splitting 
ond buckling 


Buckling 


Splitting 
ond buckling 


Splitting 
ond buckling 


Splitting 


Other forming methods covered by this study included: Linear stretch heel- 
out angles and channels, and heel-in hat sections; linear roll heel-in and heel- 
out channels; Androforming, splitting and buckling for 20 in. and 50 in. 
elements; and drop-hammer beading. 





face crack forming at a point where 
local strains exceed the available elon- 
gation of the material. Four factors 
determine this type of failure: 

e Elongation of the material 

e Resistance to necking—or frac- 
ture sensitivity 

e Amount of strain needed to form 
the part 

@ Strain gradients introduced during 
the forming operation 

Buckling may take four forms: 

e Sine wave buckling is the result 
when a thin sheet is subjected to com- 
pressive end loads; boundaries of each 
half wave approximate a square. 

e Shear buckling occurs when op- 
posite edges of a sheet are pulled 
in opposite directions; deflections are 
sine wave running at 45 deg to the 
direction of loading. 

e Circular buckling is caused by 
radial load on the outside diameter 
or around a hole; sheet edge buckles 
in a wave as result of circumferential 
stresses. 

e Twist buckling in sheet metal 
formed into an angle takes place when 
the twisting stiffness of the section 
is less than a critical value. 

General equation for sheet buckling 
for sine wave and shear buckling is 


where Scz is the critical buckling stress, 
h and ¢ are width and thickness of 
sheet, k is a factor depending on sheet 
width and length L, and D is a mate- 
rial constant given by: 


_ Et -_ 
12(1 — wu?) 
where E is elastic modulus, and yp is 


Poisson’s ratio. Substituting this value 
of D into the general equation: 


E - 
(h/t)? 
where B, is a numerical constant: 
— 
12(1 — yu?) 
For circular sheet buckling, em- 
ploying the same parameters, 


D = 


Scr = B, 


B, = 


E 
Scr = B, (Ro, i)? 
where R, is the outside radius of the 
circular sheet, and B, is a numerical 
constant: 
k 


Bs = 730 — a) 


These relations show that the critical 
buckling stress is directly proportional 
to B and E and inversely proportional 
to (h/t)* and (R,/t)*. Therefore, 
high-modulus materials such as steel 
and some of the refractory metals are 








Table 11— BUCKLING EQUATIONS 





SHEET SECTIONS 





Radial End Compression 


Loading 


Longitudinal 


ii} 


ra 


























wiles 





Equations 


Sn =B 


E 
(h/t)? 


B 


Sen (h/t 





R,o/R, or L/h 


1.5 2.0 


2.0 


0.5 


Independent of length 





B 


0.20 


0.24 


0.45 


20.0 


0.19 


0.44 








0.64 





Applicable 
to 


Deep drawing 
Spinning 


Rubber stretch 
Rubber shrink 
Linear stretch 


Rubber stretch 
Rubber shrink 
Joggling 


Linear stretch 
Roll forming 


Roll forming 
Rubber bead 
Drop hammer 





Importance 
of Buckling 


22e oe 


High Intermediate | Moderate 


. ae Ee pce ich kt aa ee 
a ease. SeRaaiG 6 SO nh ea 


High 


























Buckling factor 





more resistant to buckling than low- 
modulus materials such as titanium 
and aluminum. Also, smaller values 
of h/t and R,/t are more resistant to 
buckling. 

For a given material the influence 
of geometry is indicated by the value 
of k which is dependent on length and 
width, edge restraints and type of load- 
ing. Values of k for three types of 
loading are shown in Fig. 2. For sine 
wave and shear buckling k becomes 
infinitely large for small ratios, and 
changes little for ratios larger than 3. 
For a circular plate with a hole, k ap- 
proaches 1.9 with zero flange width. 

For sine wave buckling, with L/h 

2, k = 0.5 and » = 0.3, value of 

is: 












































0.5(3.14)? . 
"nae 
For shear buckling for long parts, 
with L/h > 5 and k = 5.5, the value 
of B is 5.0. For short spans with L/h 3 4 
cial ai : 
= 1 and k = 20, B is 20. R/R, or L/h 


Similarly, for twist buckling of angle 
or channel sections with no edge re- Buckling factor, as influenced by geometry alone. High values of 
k indicate high resistance to buckling for a given material and 


straint (free to rotate) the general 
text continued, page 75 thickness. Ratios over 2 have little effect on buckling. 
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Table Ill — THE 19 SHEET MATERIALS 


(Number identifies alloy on the design charts) 


LIGHT ALLOYS 


1. 2024 Aluminum 
Alcoa, Kaiser, Reynolds 


6-4 Titanium 
Titanium Metals 


Beta Titanium B1I20VCA 
Titanium Metals 


HM21A-T8 
Dow Chemical 


Beryllium 
Brush Beryllium 


High-strength, precipitation hardening 
structural alloy; 4.5% Cr, 1.5% Mg; 
annealed. 


Hardened by quenching from heat- 
treating temperature; 6% Al, 4% V; 
mill annealed. 


Precipitation hardening; strength more 
stable than 6-4 Titanium at elevated 
temperature; 13% V, 11% Cr, 3% 
Al; solution treated. 


Highest creep strength of the magne- 
sium alloys; alloyed with thorium and 
manganese; age hardened. 


Pure metal, highest stiffness-weight ra- 
tio of light alloys; stress relieved at 
1400 F. 


HARDENABLE STAINLESS STEELS 


6. 12 MoV 
United States Steel 


Vasco-Jet 1000 
Vanadium Alloys 


17-7 PH 
Armco Steel 


AM-350 
Allegheny Ludlum 


PH 15-7 Mo 
Armco Steel 


A286 
Allegheny Ludlum 


REFRACTORY ALLOYS 


12. 10-10 Columbium 
E. 1. Du Pont 


13. Molybdenum 
Universal Cyclops 


14. Tungsten 
Fansteel Metallurgical 
SUPER ALLOYS 


1S. Hastelloy X 
Haynes Stellite 


Inconel X 
International Nickel 


Rene 41 
General Electric 
Haynes 25 


Haynes Stellite 


J-1570 
General Electric 


Hardens when slowly cooled; good 
choice for brazing; 12% Cr with Mo 
and V; annealed. 


Air hardening tool steel with high 
strength-weight ratio up to 1000 F; 
5% Cr with Mo and V; annealed. 

Age hardening with good corrosion re- 
sistance; 17% Cr, 7% Ni; condition A, 
mill annealed. 

Quench hardening stainless with higher 


strength than 17-7 PH; 17% Cr, 4% 
Ni, 3% Mo; annealed. 


The 17-7 PH alloy modified for higher 
strength at elevated temperature; 15% 
Cr, 7% Ni, 2% Mo; condition A. 


Precipitation hardening alloy with su- 
perior creep strength; 26% Ni, 15% 
Cr, solution treated. 


Vacuum-melted alloy with good 
strength at 2000-2400 F; 10% Ti, 
10% Mo, as received. 


Vacuum-melted and hot rolled; highest 
strength-weight ratio above 2000 F; 
stress relieved. 


Pure metal; highest strength above 
2000 F; condition as received. 


Hardenable with good oxidation resis- 
tance to 2000 F; nickel base with Cr, 
Mo and Fe; solution treated. 


Precipitation hardening nickel alloy, 
oldest and lowest cost of its type; cold 
rolled, annealed. 


Precipitation hardening nickel alloy 
with high strength to weight ratio at 
1200-1600 F; with Cr, Co and Mo; 
solution treated. 


Soft but tough hardenable cold-worked 
cobalt-base alloy; with Cr, W and Ni; 
solution treated. 


Cobalt base alloy; precipitation har- 
dened with good strength at 1200-1600 
F; with Cr, Ni and W; solution treated. 








DESIGN DATA ON THESE ALLOYS 


Physical properties and forming 
characteristics of each of these al- 
loys, and many other special-purpose 
materials, have been presented and 
discussed in these earlier articles: 


LIGHT ALLOYS 


High-strength Aluminum Alloys, 
Aug 8 *60, p 38 — Detailed discussion 
of a new alloy X2020 and its rela- 
tion to other high strength alloys in- 
cluding the 2024 alloy; design prop- 
erties and data on fabrication and 
formability. 

New Hardenable Titanium, July 
21 °58, p 68 — Physical properties at 
room and elevated temp; hardening 
process and fabrication methods; 
comparison with hardenable stain- 
less. 

What Beryllium Can Do For You, 
Feb 20 61, p 82 —Comparison of 
physical and mechanical properties 
with other light metals, with colum- 
bium, nickel and molybdenum and 
the heavy metals. 

Forming Beryllium Sheet, June 20 
60, p 72—Properties and fabri- 
cating techniques for sheet made 
from sintered metal; low elongation 
requires forming at 1000 to 1400 F; 
strength-weight comparison with five 
other alloys. 


HARDENABLE STAINLESS 


High-temperature Stainless, Apr 
*57, p 135 — Mechanical properties, 
structural stability and fabrication of 
eight stainless alloys for service at 
600 to 1400 F. 

What the High-strength Steels 
Offer, Jan 23 "61, p 54 — Composi- 
tion and properties of all the high 
temperature steel alloys included in 
the formability study, plus data on 
high-strength low-alloy steels. 

Best Heat Treatment for PH Stain- 
less Steels, May 8 ’61, p 32 —The 
six hardening procedures and the 
mechanical properties obtainable; in- 
cludes the PH steels covered in the 
formability tests. 


SUPER ALLOYS 


New Super Alloy for Hot Jobs, 
July 21 °58, p 76 — Rene 41 in sheet 
form compared with other super- 
alloys for elevated temperature serv- 
i formability and _ fabrication 
methods. 

Surface Oxidation Test for Super 
Alloys, Apr 27 °59, p 48 — New 
method more clearly shows the effect 
of composition and oxidation resist- 
ance for ali super alloys, including 
each one covered in the formability 
tests. 


Four of the articles listed above 
are included in a 64-page combined 
reprint “Design With Steels.” These 
articles with 13 others give latest 
design data for a wide range of high 
strength alloys for high temperature 
service. Booklet is obtainable for $2 
on orders addressed to Reader Serv- 
ice Dept, Product Engineering, 330 
W 42nd St, New York 36. 
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3 Press brake forming parameters 











Work is supported by ad- 
justable die and is bent by 
punch with angle 
termined by ram stroke. 


de- 











0 3 4 
AS ft 
Die opening for a given 
stock thickness increases 
with punch radius, 








equation for buckling stress is given by 


; B 
Sea = thie 
where fA is section height. Length of 
section has no influence. Values for 
B are low for hat sections (easy to 
twist buckle) and high for angles. 
Relative ease of buckling is shown 
by values for B in Table II on page 
73. The low values for circular sheet 
buckling show that buckling is easy; 
in deep drawing, buckling is reduced 
by pressure plates perpendicular to 
the buckling deformation. Angle sec- 
tions resist twist buckling better than 
sine wave buckling; for hat sections 
the relationship is reversed. Therefore, 
angles will always buckle as a sine 
wave, hat sections will twist buckle, 
and channels may buckle either way. 
Deep drawing and spinning are 
types of circular sheet buckling. Rub- 
ber forming, linear strech forming, 
roll forming and drop hammer form- 
ing involve sine wave buckling. Rub- 
ber press flanging and joggling are 
limited by shear buckling. Linear 
stretch forming and roll forming in- 
volve twist buckling. 


Table II shows that circular and 


sine-wave buckling are both very im- 
portant in predicting formability limits. 
Twist buckling of hat sections and 
shear buckling is only of intermediate 
importance. Twist buckling of chan- 
nels and angles is of but little signifi- 
cance. 

The three equations for Scz are sim- 
ilar and can be put into a more useful 
form by taking the logarithm of both 
sides: 

log Scr = log BiE — 2 log (h/t) 


This is an hyperbola; plotted on 
log-log paper it gives a straight line 
with a slope of —2 intercepting the 
Scr axis at B,E when h/t = 1. 

While Sce is the critical buckling 
stress in all types of forming, in rubber 
stretch flanging, linear stretch forming 
and roll forming, buckling is produced 
by residual stresses after forming 
forces are removed. In rubber shrink 
flanging, joggling, deep drawing, spin- 
ning, drop hammer and rubber head 
forming it is the applied compressive 
stress that causes buckling. But the 
same equations apply for both cases. 


Effective Strain 


For each of the forming methods a 
strain diagram was developed, con- 


4 Press brake formability curve 


a 
7-7) 


hy 

1/7 

i Lorge angles 
/ 


Pb le “Ge 1) 


a 


Shape of curve is blend of two equa- 
tions, one for small angles and one for 
large angles. 


Small 
anges 








ee 


Splitting 








a 


Good parts are formed when ame- 
ters are above and to left of curve; 
to right, splitting causes failure. 


PRODUCT’ ENGINEERING - OCTOBER 16, 1961 


verting the applied strain to the strain 
effective lengthwise ¢,, across the width 
e. and the thickness e,. Analysis of 
tri-axial strain at the point of makxi- 
mum stress using “energy of distor- 
tion” theory gave the effective strain 
e.. From the ratios ¢«,/e, and €:/e, 
an effective strain ellipse was con- 
structed to correlate actual strain in 
the part to the strain measured on a 
standard tensile specimen at the point 
of failure. The specimen was marked 
off in % in. squares, and a grid at the 
point of failure was measured. From 
the change in length and width, a cor- 
rected value of natural strain was 
calculated for the material. 

Formability limits for brake forming 

Brake forming is the process of 
bending sheet metal in a brake press. 
Work is supported at its outer edges 
by the sides of a die cavity, and the 
ram forces a rounded punch into the 
work. Ram stroke determines the 
angle of bend. Width of die cavity 
is determined by stock thickness and 
punch radius, Fig. 3. 

Failure takes place by splitting in 
the outer face of the bend. Therefore 
the parameters of formability are 
punch radius R, material thickness 1, 


1e) 
9 
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Tests on specimens verified experi- 
mentally the forming limits deter- 
mined by analysis. 








- and angle of bend a. Springback may 
Brake forming me, some overbending. Rolling 
direction in the sheet affects degree of 
bending before splitting; longitudinal 
bending (across the rolling direction) 
can be greater than transverse (in line 
with rolling direction.) 

Assuming that the neutral axis re- 
mains in the center of the section, the 
strain equation for small angles can 
be computed: 


Al = ‘ tan a 


L- Lengt and l= (2 + ; )s 


-Transverse ; : ‘ 
Since elongation « is A//I, 


Ri! 1 tana ce 
‘ = € a 


For large bend angles, the final 
length 1, = (R + ¢) a, and 


ae 


~) 


Thus, the bending limits for large 
angles for a given material is an in- 
verse function of the elongation, and 
the equation is a constant for the 
material. 

Now, joining the equations for 
small and large angles with a smooth 
transition curve produces a formability 
limit graph for brake forming. Good 
parts will be produced for combination 

60 90 of a and R/t above and to the left of 
Bend angle a the curve, and formability decreases 


G6 Deep drawiny parameters for round cups 





Segment 


R 
ca ° se — 


Original 
segment 











A Drawing a cup in a double- 
action die. 

B These four parameters de- 
termine formability. 

> Material is compressed cir- 
cumferentially and extended 
axially during drawing. 
Thinning at cup bottom is 
balanced by thickening at 
the top. The two areas are 
equal. 
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with increasing bend angle up to a 
specific ratio of R/t. 

To check the validity of this an- 
alysis a number of tests were run using 
a die adjustable for span width, and 
a series of punches with radius rang- 
ing from 0.015 in. to 1.125 in. to 
cover the complete range of R/t for 
materials up to 0.187 in. thick. Width 
of specimen was 2 in. to give a width 
at least 10 times the heaviest thickness 
and avoid any edge effect on bending. 

Test results plotted here support 
the analysis. Some deviation occurs 
for soft materials, with Rockwell hard- 
ness of 20 or less. With soft material 
the edges of the die tend to dig in 
and some tensile strain is added, in- 
creasing the bending strain. Also, 
coining under the punch adds some 
localized tension in the inner fiber, 
decreasing the bending strain. 

A similar approach then gave the 
formability limits for other materials 
in brake forming, as plotted in Fig. 5, 
left page. Note that separate curves 
are shown for longitudinal and trans- 
verse bending for some of the mate- 
rials. Key numbers for materials refer 
to Table III which lists the materials 
in four groups. 


Deep drawing and spinning 

Parameters for deep drawing with 
mechanical dies are: blank radius, 
flange height and material thickness. 
As each element of the blank is drawn 
to conform to draw ring and punch, it 
compresses in the circumferential di- 
rection and extends in the radial di- 
rection. The maximum principal 
strain is produced by the actual 
stretching of the part. 

Failures arise from circumferential 
buckling and splitting in the cup wall. 
Splitting is produced by transfer of 
the punch force from the bottom of 
the cup to the shell; as drawing pro- 
ceeds the cup wall thins near the 
punch radius and weakens. Hoop 
stresses in the flange cause wrinkling 
under the pressure pad; increased pres- 
sure here to reduce wrinkling may 
cause splitting. 

Thickness strain varies from some 
thinning at the closed end of the cup 
to considerable thickening at the 
open end, but the cylindrical volume 
of metal bounded by H in Fig. 6 will 
be the same as the annulus volume 
bounded by h. Therefore the depth 
H will be greater than the overhang 
h as a result of constant surface area 
of the annulus. 

Because deep recessing is a process 
of drawing metal, formability of a 
material depends on resistance to buck- 
ling. It is not affected by elongation, 
but on strength in the cup and stability 
of the flange against buckling. 





Plastic buckling 














7 Deep drawing formability 
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Theoretical curves predict plastic buckling and elastic 
buckling as limits, confirmed by tests on specimens. 
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8 Failures in deep drawing 


Ratio of overhang flange to material 
thickness determines the buckling ra- 
tio. Strain build-up in the flange dur- 
ing drawing is governed by the ratio 
of overhang flange and blank radius. 
For large ratios of h/t buckling is elas- 
tic; with heavier metal thickness con- 
siderable plastic strain takes place in 
the flange before buckling starts, but 
after buckling starts, formability is 
independent of h/t. 

Performance of experimental parts 
confirms the theoretical formability 
curve. Since h is R, —R,, only three 
variables (R,, R, and t) determine 
whether a given blank can be drawn 
successfully. 

Formability of a material can be 
predicted from its mechanical prop- 
erties. The upper boundary of the 
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curve is limited by plastic buckling, 
and the right by elastic buckling. 
Values can be computed from com- 
pressive and tensile yield strength and 
elastic modulus. 

Deep drawing formability limits for 
all materials covered in this investiga- 
tion are given in Fig 9, next page. 
Five of these materials presented spe- 
cial problems. Magnesium alloy 
HM21A-T8 and 10-10 Columbium 
both failed in the bend radius rather 
than in the cup wall. The drawing 
limit for beryllium at 1200 F could 
not be determined experimentally be- 
cause of production problems. 


Spinning 
Parameters and failure limits for 
spinning are similar to those presented 
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9 Deep drawing 
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HEAT-TREATED STAINLESS 
6. 12 MoV 

7. V 1000 

8. 17-7 

9. AM-350 

10. PH 15-7 Mo 

11. A-286 
REFRACTORY ALLOYS 
12. 10-10 Columbium 
13. Molybdenum 

14. Tungsten 

SUPER ALLOYS 

15. Hastelloy X 

16. Inconel 

17. Rene 41 

18. 


19. J-1570 


for deep drawing. The theoretical 
formability curve is nearly the same, 
and tests confirm the shape of the 
curve. One difference is that machine 
limits are a function of material prop- 
erties and thickness. This introduces 
an additional formability limit for 
large values of h/t and small values 
of h/R, as shown in Fig 10, next 


page. 
Dimpling 


This process is commonly used in 
sheet metal to form a recess for a 
fastener. Dimple angle ordinarily used 
is 40°, but angles of 30° and 50° are 
sometimes used, and were therefore in- 
cluded in the investigation. Pilot holes 
are usually provided. 

Major failures in dimpling are cir- 
cumferential and radial splitting. Web 
buckling and edge extrusion cause 
minor distortions unless restrained by 
the tooling. Circumferential failure 
is caused by bending and coining. 
When die pressure and cojning force 
is high enough to make- the material 
conform to the die, failure will occur 
for ratios of R/t less than needed for 


brake forming. Insufficient die pres- 
sure on thick materials will result in 
a free-form radius that increases form- 
ability. 

Radial splitting failure is caused by 
circumferential elongation of the 
flange. High angles require lower 
values of h/R. Thinner materials fail 
more readily since forging action 
causes thinning, and thicker materials 
can supply more elongation. 

Assuming that the flange length and 
thickness remain constant, the strain 
equation is 
€ 
h/R ci 1— COS a 

Usually, the flange will thin out 
and lengthen, tending to reduce these 
hoop stresses. If the hole remains 
the same size the dimple will not fail 
by radial splitting. If the hole en- 
larges, the flange will lengthen and 
the strain equation becomes 


1 — cosa 
2? = 


COS @ 

A combination of these curves gives 
formability limits for radial failures, 
Fig 11. Resulting strain is a com- 
promise involving some circumferen- 
tial stretch and some flange lengthen- 
ing. Formability curves for each of 
the materials are shown in Fig 12, 
page 80. 

Joggling 

Failures in joggling are splitting 
and shear buckling. Splitting occurs, 
near the top of the transition region, 
from biaxial stresses in double bend- 
ing. Brittle materials will fail if the 
radius of the joggle die is less than 
the radius needed to brake-form the 
same material. Shear buckling takes 
place in the web of the transition re- 
gion as a result of shear movement. 

For joggling the equation for split- 
ting limit is 

D/L = V ele +- 2) 


Maximum strain obtainable in jog- 
gling thus is a constant for a given 
material. This equation combined 
with the one for shear buckling gives 
the formability envelope for joggling. 
When plotted to log-log coordinates, 
the buckling line with a slope of —2 
changes to an infinite slope for large 
values of D/L because of the large in- 
crease in the value of k. For a given 
material, this vertical line shows that 
formability is independent of D/L and 
varies only with D/t. Formability 
curves are shown in Fig 13. 

Greater depths can be joggled for 
materials with higher elongation, in- 
dependent of material thickness. To 
avoid splitting failures in the outside of 
the bend at the joggle, the bend radius 
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at this point must be at least 6 times 
the thickness of the stock. 10 Spinning 


Rubber flanging 


Parameters for stretch and shrink 
flanges formed on the rubber press are 
flange height, contour radius and ma- 
terial thickness, as shown in Fig 14, 
next page. Where sufficient pressure 
is available, major failures are sine- 
wave buckling and splitting. Insuffi- 
cient pressure causes incomplete form- 
ing and is a problem for low values 
of h/t. Buckling is caused by residual 
stresses in parts combining large val- 
ues of h/t with small A/R, or small 
h/t with large h/R. 

Minor distortions are hump, spring- 
back, crown and shear buckling near 
the ends. A hump is formed with in- 
sufficient pressure for parts with large 
h/R and small h/t. Springback and 
crown are common on all formed parts 
and can be reduced by modifying the 
tools. Shear buckling occurs for high 
h/R values with materials with low 
modulus and high tensile yield 
strength. The only method of control 
is to make the part longer and trim 
off the distorted ends. 

Strain equation for stretch or shrink 
flanges is 



































e=h/R 

The basic strain relation therefore 
shows that A/R is directly proportional 
to material elongation. 

Formability envelopes are _ con- 
structed relating the strain to geom- 
etry for buckling. For stretch flanges 
formability at large values of h/t is 
dependent on buckling from residual 
stresses, and at large values of h/R is 
limited by splitting of the flange. The 
buckling curve changes for large h/R 
values because the flange is approach- 
ing a shell having higher resistance 
to buckling than a flat sheet. Form- 
ability at small ratios of h/t is limited 
by the minimum flange width that can 
be formed. Formability curves for 
stretch flanges are shown in Fig 14, 
and for shrink flanges in Fig 15. 

Splitting limits for any material may 
be increased by lubricating the sur- 
face being formed. Buckling limits 
may be extended by special tooling 
that traps or draws the metal. Also, 
the limits shown on, the. curyes «are 
based on.minimum rather , than’ aver- 
age properties, and sheets with higher 
than minimum properties may have 
substantially better forming proper- 
ties. 
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This process changes a straight chan- 
nel or angle to a curved form by hold- 
ing the part under tension as it is 
wrapped around a die; the original 
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12 Dimpling Table 1V—_ 
LIGHT ALLOYS 

1. 2024 Aluminum 

2. 6-4 Titanium 

rs Maanecium HM2iA 

5S. Beryllium 
HEAT-TREATED STAINLESS | 


6. 12 MoV 
7. V 1000 
8. 17-7 


9. AM-350 
10. PH 15-7 Mo 
11. A-286 


‘ REFRACTORY ALLOYS 
MN 16.19 12. 10-10 Columbium 


14. Tungsten 
SUPER ALLOYS 
15. Hastel x 
16. Inconel 

17. Rene 41 


18. oo. 
19. J-1570 

















cross section is relatively unchanged. 

The process is adaptable to five differ- 

ent types of sections: heel-in angles 

and channels, heel-out angles and 
channels and heel-in hat sections. 

30° 40° Failure is by splitting for low val- 

Bend angle a ues of h/t, and is determined by h/R, 

and dependent on elongation of the 

Joggling | material. For higher h/t values, fail- 

ure is caused by buckling from residual 

/1| ial stresses left in the part by the forming 

operation. 

Formability curves are developed 
for all five sections in the original re- 
port of this investigation, but this sum- 
mary is confined to heel-in angles and 
channels only, as shown in Fig 16. 
Formability curves for heel-in hat sec- 
tions are similar in shape, and values 
are approximately the same except 
that the h/t and A/R ratios for hat 
sections are about % the value for 
angles and channels. For heel-out 
sections, some increase in formability 
limit is provided by elastic-plastic 
buckling for h/R ratios above 0.1 and 
h/t ratios below 50. 


Sheet Stretch Forming 


Flat sheets are double contoured 
(both length and width) by stretching 
over a die with sufficient force to in- 
troduce plastic flow. The sheet is held 
in tension while the die is raised into 
the sheet. The process requires an 
excess of material outside the formed 
area which must be trimmed off. 

Parameters are the curvatures and 
length of chord, in length and width 
directions of sheet. Forming limita- 
tions are dependent only on the elonga- 











































































































tions and are independent of thickness. 
Formability curves are given in Fig. 
17. Forming limits can often be ex- 
tended by heating the die, and some 
materials are sensitive to strain rate. 
Smooth surfaces for both sheet and 
die may also increase formability be- 
yond the values shown here. Tungsten 
and beryllium sheets failed in the 
clamping jaws, and are not included. 


Beading 


Two processes are commonly used 
for shallow recessing or beading ordi- 
narily employed for stiffening sheet 
metal surfaces. One process, rubber 
forming, is relatively simple but is 
limited by the high rubber pressure 
required to produce good bead defini- 
tion. It is usually applied to low 
strength materials or lighter gages of 
high strength sheet. Tooling consists 
of a form block with male beads. 
Where sufficient pressure is available, 
failures are caused by splitting, de- 
pendent on the properties of the mate- 
rial and the shape of the part. 

Bead parameters, as shown in Fig 
18, are material thickness, bead radius 
and distance between bead centers. 
In side view, bead ends taper into 
stock at 19 deg. With sufficient pres- 
sure to force the material to conform 
to the die at the sides of the bead, the 
radius at this point and the bead length 
do not influence formability. However, 
in heavy gage material longitudinal 
buckling may occur if the length is 
too short. 

The formability curves are based on 
minimum properties of materials: 
forming limits may be higher if prop- 
erties are on the high side of the 
range. 


Other Forming Methods Studied 


In addition to the formability meth- 
ods presented here, the investigation 
included: linear stretch heel-out an- 
gles and channels, and heel-in hat 
sections; linear roll heel-in and heel- 
out channels; Andro-forming splitting 
and buckling for 20 in. and SO in. 
elements; and drop hammer beading. 
Our “final report” in Vol II includes 
formability charts for each of these 
methods with each chart including 
curves for the 19 materials. 


Design Tables 


Formability charts show relative 
formability of materials, and can be 
scaled for values needed in design. 
Our “final report” includes a series of 
design tables based on these charts 
that give answers directly in numerical 
form. For brake forming, for example, 
the minimum bend radius is tabulated 
for each gage thickness from 0.016 
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in. to 0.187 in., for bend angles of 60, 
90 and 120 deg, with a separate table 
for each material. For those materials 
where formability is influenced by 
grain direction, separate tables are pre- 
pared for longitudinal and transverse 
bending; for the four materials requir- 
ing hot bending, the tables give mini- 
mum bend radius for 90 deg bends 
at each of three forming temperatures 
ordinarily used. 

Design tables for both deep draw- 
ing and spinning give the maximum 
combination of flange height H and 
blank diameter for die diameters from 
1 in. to 10 in. for each metal thick- 
ness. A separate table shows values 
for each material; where materials ex- 
hibit closely similar properties they 
are grouped on one table. 

A similar procedure is used in pre- 
senting design tables for rubber form- 
ing and linear stretch. For linear 
stretch forming the tables show sec- 
tion height for a given contour radius 
for each gage thickness, with a sep- 
arate table for each material. The 
tables distinguish between limits ap- 
proaching failure by splitting and by 
buckling. 

Design tables for joggling show 
maximum joggle depth for a given 
joggle length for each gage thickness, 
with a separate table for each mate- 
rial. All data are for room’ tempera- 
ture forming except for magnesium, 
beryllium and tungsten. 

For sheet stretch forming the design 
tables show maximum chord. length 
in both longitudinal and transverse 
directions for a given die radius in 





each direction, with a separate chart 
for each material. 

Design tables developed for bead- 
ing, both rubber and drop hammer, 
give the distance between centers, for 
beading radius from % in. to 1 in., for 
material gages from 0.016 to 0.187, 
with a separate chart for each mate- 
rial. 

Complete report of some 800 pages, 
including these design tables, will be 
available shortly from Office of Tech- 
nical Services, US Department of 
Commerce, Washington 25, at a price 
not yet determined. For information, 
write to OTS and ask for report ASD 
TR 61-191, volumes 1 and 2. 

The first volume describes each of 
the forming processes, equipment used, 
formability parameters, and experi- 
mentally determined formability curves 
for each process. This volume also 
develops basic equations and form- 
ability indices for each forming proc- 
ess. 

Volume 2 presents design data in 
the form of curves, as presented here, 
in which formability of various mate- 
rials is compared for each process. 
Also included are the design tables, 
mentioned above, which give numeri- 
cal values for formability factors, for 
each gage thickness for each of the 
19 materials. 

Further study needed 

As in any significant exploration, 
this investigation opened up additional 
areas needing investigation — other 
part shapes, wider forming limits for 
some methods, the effect of forming 
itself on material properties, and the 
study of some advanced forming proc- 
esses. 

Deep recessing was studied only for 
the basic cylindrical cup; formability 
curves and design tables are needed 
for box shapes, dome ends and trun- 
cated cones. Other linear stretch sec- 
tions needed include side-heel chan- 
nels, heel-out hat sections, edgewise 
zee, and heel-in and heel-out tee sec- 
tions. Multi-stage drawing can in- 
crease the degree of formability, and 
needs study; also brake forming be- 
tween mating dies rather than bending. 

Other forming processes can be 
handled in the same way—tube bend- 
ing, stretch-mechanical die for rela- 
tively heavy sections, and progressive 
forming of beaded panels. Also, the 
high energy rate forming processes are 
now reaching practical application, and 
formability charts and tables could 
be prepared for currently available 
shapes. 

Springback was found to depend 
on the same mechanical properties as 
buckling. A study could develop 
charts and design tables to predict this 
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variable and tabulate the design allow- 
ance for forming tools. 

Change in material thickness in 
forming can also be predicted, and 
charts and tables could be constructed 
to aid design, for both weight and 
strength considerations. 

Primary forming processes such as 
forging, extruding, rolling and shear 
spinning are based on large plastic de- 
formations, usually at elevated tem- 
peratures. An analytical program could 
determine quantitative values for shear 
deformation, friction forces along sur- 
faces, power requirements, and dis- 
tortions caused by springback and 
residual stresses. The geometry of 
the changing sections could be ex- 
pressed in graphical form and related 
to mechanical properties of the metals 
being formed. 


For reprint of above article, just 
check 633 on one of the Reader Serv- 
ice cards found in this issue. 


EDITOR’S NOTE:—New forming 
methods applicable to many of the 
alloys discussed here have been re- 
ported in these recent articles: 

Hot Finish-forming Titanium, July 
°57, p 146—Heated dies combine 
stress relief and hot forming. 
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Explosives: Portable Power Packs, 
Jan 6 ’58, p 56—High-energy-rate 
forming aids in producing titanium 
and stainless parts; list of sources for 
information. 

Explosive Blasts Hardness Into Steel, 
Apr 13 °59, p 62—How velocity-im- 
pact hardening transforms soft, ductile 
austenitic steel into tough, wear re- 
sistant form by internal stressing of 
cast parts. 

Electroforming for Precision, June 
5 °61, p 44—Review of mandrel sys- 
tems, plating procedures and mechani- 
cal properties of electroformed metals; 
design guide for maximum use of elec- 
troforming technique. 

Forging Adds Strength to Light- 
weight Castings, Feb 16 °59, p 61— 
How cold work by forging increases 
strength of aluminum and magnesium 
alloy castings; effect of forging on di- 
mensions. 

Post-formed Malleable Castings, 
Nov 9 ’59, p 82—Eight rules for using 
the ductility of the material improve 
tolerances and reduce cost through 
cold forming after casting. 

Press-forging for Higher Strength 
Steel Castings, June 12 ‘61, p 68— 
Two-stage forming process improves 
strength and reliability for high- 
strength alloys. 

—Robert W. Carson 
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High temperature 


Properties of glass 


Published here for the first time, accurate tensile data on 
7 common glasses, plus a roundup of other mechanical 
properties and how they vary with rising temperatures. 


‘LASS always breaks in tension, 

¥ never in shear or compression, 
therefore tensile strength is the most 
important mechanical property. Corn- 
ing Glass Co’s Materials Handbook 
recommends 10,000 psi for the uiti- 
mate tensile strength. Although glass 
is potentially much stronger (glass 
fibers have strengths between 1 to 3 


million psi) surface defects incurred 
even by careful handling reduce 
strength to about the values given here. 
Glass composition has relatively little 
effect on strength, although the harder 
borosilicates generally show up better 
in mechanical service because they re- 
sist scratching. 

Tempering the glass—heat treating 


to set up compressive stresses in the 
surface—increases mechanical strength 
by up to 400%. However tempering 
must be done with closely controlled 
cooling rate, so not all shapes can be 
tempered economically. 

Glass creeps under sustained loads 
even at room temperature and stresses 
must be lowered accordingly. A safe 


Physical properties of 7 commercial 


COEFFICIENT 


TYPE 


SODA LIME 


BOROSILICATE 


ALUMINOSILICATE 


ALUMINOSILICATE 


BOROSILICATE 


96% 


SILICA 


FUSED SILICA 








OF THERMAL 
EXPANSION (a), 
MICROIN/IN/F 


STRAIN 
POINT, F 


5.1 


960 


3.4 


2.7 


2.3 


1.8 








YOUNG'S 
MODULUS (E), 
PSI x 106 


HEAT 
TREATMENT 
10.48 
10.31 
10.13 


10.04 
9.89 
9.80 


12.46 
12.16 
12.12 


12.66 
11.91 
11.80 


annealed 
semi-tempered 
tempered 


annealed 
semi-tempered 
tempered 


annealed 
semi-tempered 
tempered 


annealed 
semi-tempered 
tempered 


9.10 
9.13 


annealed 
semi-tempered 


9.60 
9.50 


annealed 
semi-tempered 


annealed 10.48 
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working stress for prolonged loads on 
annealed glass is 1000 psi; on tem- 
pered glass 2000 to 4000 psi. 

Modulus of elasticity of annealed 
glasses is roughly 10 million psi. It is 
seldom less than 8 million or greater 
than 12 million. Tempering glass re- 
duces the modulus but does not 
change Poisson’s ratio because the 
shear modulus of the glass decreases 
in the same proportion as the elastic 
modulus. In design, glass can be con- 
sidered completely elastic under in- 
stantaneous loads—its stress-strain 
curve is essentially a straight line up 
to the breaking point. 


At elevated temperatures 


Maximum service temperature for 
annealed glass is about 50 to 100 F 
below its strain point. This strain 
point is the temperature at which 
stresses (residual or applied) are com- 
pletely relieved after four hours and 
the glass can be considered to have 
no creep strength. As glass ap- 
proaches the strain point, it also be- 
comes more sensitive to heat shock 
because the coefficient of expansion 
increases. 

The new tensile data from the Na- 
tional Bureau of Standards show how 


glasses 


POISSON'S THERMAL 
RATIO 


SHOCK 
(u) RESISTANCE. F 


0.20 117 
0.21 “ar 
0.20 


0.21 
0.22 
0.22 








RELATIVE 
RESISTANCE TO 
SANDBLAST 


strength varies with temperature. 
Two curves are given for each heat 
treatment. The black lines are short- 
time properties of glass tested within 
one hour after heating to temperature. 
The lines in color are test properties 
after 500 hours at heat, cooling to 
room temperature and then reheating 
to the test temperature. Scatter is 
less than 10%. 

Up to now, available data were sel- 
dom better than statistical averages 
with over 30% variation because the 
brittleness and notch sensitivity inher- 
ent in all glasses caused a large scat- 
ter in test results. To reduce these 
variations flexure specimens were 
uniformly abraded on the tensile side 
which reduced strength so that all the 
test results approached the minimum 
values for glass. These tests also dif- 
fered from the standard ASTM test in 
that flexure load was applied at two 
points rather than one. 

Flexural strength of annealed glass 
does not change appreciably with 
temperature. In fact, strength usually 
increases slightly after heat exposures 
of 500 hr. 

Tempered glasses have higher room- 
temperature strength, but are less 
stable after prolonged exposure to 


ABRASION 


m 
nn 


heat. Because the residual compres- 
sive stresses relax after prolonged 
heating, maximum service tempeia- 
ture for tempered glasses is lower than 
for annealed glasses. For short-time 
applications, strength of tempered 
glass drops with temperature but stays 
substantially higher than that of an- 
nealed glass. 

Young’s Modulus at room tempera- 
ture for tempered glass is lower than 
for annealed glass. Exposure to heat 
above 800 F gradually increases the 
room-temperature modulus for the 
tempered glass until it approaches that 
of annealed glass. The glasses with 
higher thermal expansion coefficients 
(the first four listed in the table) de- 
crease in elastic modulus with tem- 
perature. In contrast, the other three 
with the lower thermal expansion first 
increase in modulus, then decrease. 

Susceptibility to thermally caused 
stresses can also be estimated from 
the mechanical property data in the 
table and charts. These stresses are 
of two types: steady-state stresses 
caused by temperature gradients 
within the glass part; and transient 
stresses caused by sudden heating o1 
cooling. 

The magnitude of stresses resulting 


1 SODA LIME 





t 


Tempered 


© 
oO 


ed 





on 





S 


Flexural strength, psi x 1000 


Annealed 


Semi-tempered 


After Si hr of 
test temperoture 


_——— 








1 


ao 











1 








q Anneocled 





Youngs modulus, psi x 108 


ounda 














200 





400 


600 1000 


Temperature, °F 


800 1200 





from thermal gradients depends on 
the restraint on the part by external 
mounting or by other portions of the 
glass part. With little restraint and a 
uniform gradient through the thick- 
ness of the piece, a large temperature 
difference can be tolerated. When the 
glass part is completely restrained, the 
cooler side will be in tension and the 
maximum fiber stress can be cal- 
culated with the formula: 


7 akAT 
8 2(1—yp) 
where S = stress 

a = coefficient of thermal expan- 

sion 
E = modulus of elasticity 
uw = Poisson’s ratio 
AT = difference in temperature 


If the safe working level for long- 
time stress is 1000 psi, the formula 
will also give the maximum permis- 
sible temperature difference across the 
thickness. 

Thermal shock from sudden cool- 
ing will cause more failures than sud- 
den heating because cooling induces 
tensile stresses. These stresses increase 
proportionally with the expansion co- 
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efficient of the glass and in a direct 
but complex way with glass thickness. 
Stresses also go up with complexity 
of shape and the rate of cooling—a 
water quench is more likely to crack 
the part than a slower air-cool. 

The thermal shock resistance col- 
umn in the table is based on experi- 
ments with a 6x6x%-in. piece of 
annealed glass. A value of 200 F 
means that this glass composition will 
not break if plunged into 50 F water 
from 250 F. Tempered glass gen- 
erally has at least twice the resistance 
of annealed glass. 


Editor’s note: For more information 
on glass and ceramics and how to 
design parts from these brittle ma- 
terials See the following: 

Glass and Ceramic Fibers, July 7 °58, 
p 70—Design data on the three most 
important types of thread-like ma- 
terial with rugged properties. 

Glass Ceramics Go Commercial, Mar 
17 °58, p 87—Property and applica- 
tions data for two types of nucleated 
glass ceramics called Pyroceram. 
Glass-to-Metal Seals, Jan ’57 p 188— 
Compares 5 alternates to gasketed 


glass assemblies and design factors in 
selecting one of the glass-to-metal 
seals. 
When Designing with Ceramic Ma- 
terials, May 29 °61, p 47—Laboratory 
properties are not enough on which 
to base a design. Article gives design 
guides and table for selecting ceramic 
materials. 
Designing with Sintered Beryllia, Oct 
17 °60, p 65—This unusual material 
is an electrical insulator, yet has heat 
conductivity almost that of aluminum. 
Titanium Carbide, Nov 11 °57, p 84— 
How to solve high-temperature prob- 
lems with titanium carbide’s hot 
strength and hardness. 
Ceramics That Bounce, Feb 3 °58, 
p 76—Fired into spring form alumina 
has elastic action at high temperatures. 
New Low-expansion Ceramic, Sep 30 
*57, p 70—-Compares ceramics for re- 
sistance to thermal shock, gives tips 
on fabrication, design and applica- 
tions. 
Nitride-bonded Silicon Carbide, Feb 
°57, p 135—Bonded with silicon 
nitride, parts have remarkable re- 
sistance to heat, abrasion corrosion. 
—Herbert Kee 


3 ALUMINOSILICATE 





™ 
on 





it. 7 T T T 


Tempered 
— aN 


“After 506 
lest remperoarure | 








Tempered 


m 
) 


is. 








je 








ii Sem-tempered 


Sem-tempered 
After 500hr ot 


fest temperoture 


S 





Flexural strength, psi x 1000 
Flexural strength, psi x |OOO 


Annedled 


==, 


Annealed 








—, 


1 1 

















T T 





Anneoled 


| 


Annealed 





aon 


























— | 
400 600 
Temperature, °F 








Youngs modulus, psi x 10° 
Youngs modulus, psi x108 


eas 1 1 
600 1000 1200 200 800 1000 ~=—-: 1200 


Temperature, °F 


200 400 800 








4 ALUMINOSILICATE | 5 BOROSILICATE 
25 T =< T N T 


Tempered \ 1 Semi-fempered 


Semi-tempered oe 
oe 


After 500 hr at 
test femperature 4 











nm 
© 











S 


smd _ | 


1 i 


Flexural strength, psi x |OO0 
Flexural strength, psi x 1000 


Annealed 

















T 





Annealed 


a 


= 








Annealed 




















Young’s modulus, psix!0® 


e.. i l KB i j i j 
200 400 600 800 1000 1200 200 400 600 800 1000 1200 
Temperature, °F Temperature, °F 








Young's modulus, psi x10® 


6 96% siLica @ FUSED siLICA 
T IS T T 








After 500hr of 
test temperofure 








Semi-fempered 





Flexural strength, psi x |OO0 
Flexural strength, psi x |OOO 


Annealed 
1 














ane 
4 


i 1 10 i J i 
300 600 900 1200 1500 1800 300 600 900 1200 1500 1800 
Temperature, °F Temperature, F 


























Youngs modulus, psi x!0® 
Youngs modulus, psi x 10® 














Hangers put up by hand 
No tools needed to install these hangers made of 
wire, rod or bar-stock. 


L_KASPER, design consultant, Philadelphia 


Clearance 





' CLIP is most secure when tubing of right size EDGE HANGER doesn't have to be sprung, 
helps keep it spread. To install, hook one side but requires enough clearance above holes so 
over edge of slot and spring in other side. that ends can be pushed down through. 








RAMPS cam split end together as hanger is L-SHAPE can be inserted blind from below. 
pushed into slet. Ends spread again when Small end enters large slot first, then tilts over 
notches engage sheet. = into smaller, close-fitting slot. - 
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(Cutaway for 
clarity only) 
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LOOP hooks over bar and is held secure by DOUBLE HANGER supports two tubes as 
short tail which snaps into hole drilled they pass through divider. While tubés are in 
through the side. place hanger can’t come out. 





COIL grips edges of T- or I-section or flat END PIECE supports pipe between walls of 
bar, Spreading the ends wraps wire tightly any thickness. First spring it over pipe, then 
around tubing to prevent vibration. slide it along pipe into holes. 





Which type of 


Stress-analysis method? 


Here are the seven main categories with selection 
tables for finding best candidates. Coming—a series of 
articles covering each technique in depth. 


NELSON A CRITES, assistant consultant, solid and structural mechanics division 
Battelle Memorial Institute, Columbus, Ohio 


S new techniques for experimental 
stress analysis are developed 
and older ones refined, the problem 
of selecting the best method for any 
particular application becomes increas- 
ingly complex. A wealth of excellent 
brochures and articles discussing par- 
ticular techniques or pieces of experi- 
mental equipment are readily avail- 
able. However, what the engineer 
or researcher often requires is (1) a 
quick survey of all the techniques 
available today, (2) a means of ana- 
lyzing his particular . stress-analysis 
problem so that he can determine 
whether experimental stress-analysis 
techniques are applicable and, (3) a 
comparison of the advantages and 
limitations of the various techniques 
so as to pinpoint the most likely candi- 
dates. The selection charts and sam- 
ple problems presented here aid in 
making a good choice. Later articles 
in this series will describe each tech- 
nique in depth and give details as to 
operating principles, computations re- 
quired, laboratory equipment and 
costs. 
The first step when confronted with 
a stress-analysis problem (or more 
accurately, a strain-analysis problem) 
is to try to solve the problem mathe- 
matically. If equations which satisfy 
the boundary conditions reasonably 
well cannot be written, experimental 
techniques probably can be employed 
to good advantage. The mathematical 
approach usually should be tried first 
because experimental analyses are 
often, though not always, more ex- 
pensive. This is particularly true if 
it is desired to determine the effect 
of varying design or geometrical 
parameters so as to optimize the de- 
sign. However, frequently the addi- 
tional expense of experimental analysis 
is justified because more realistic and 
meaningful data can be obtained. In 


any event, mathematical results, even 
though approximate, can supplement 
or verify experimental results. 

Experimental stress-analysis tech- 
niques do not measure stress—they 
measure strain. Moreover, most tech- 
niques measure surface strain only 
and consequently do not provide a 
complete analysis for any given part. 
You must determine which strains are 
to be measured (see box on page 93); 
uniaxial (surface), biaxial (surface), 
triaxial (iaternal); or shear (surface). 

Some -techniques are inherently 
more precise and accurate than others. 
However,’ in selecting a technique it 
is important to consider the skill of 
the operator. Precision is usually 
considered as the capability of an in- 
strument or technique to provide re- 
produeible results. Accuracy, how- 
ever,.means that correct values are 
obtained. An instrument may give 
consistent results, yet they may be 
in error because of poor instrument 
calibration or in the hands of an 
unskillful operator. 


THE ANALYSIS PROBLEM 


Stress-analysis problems usually fall 
into easily recognized groups or 
classes, dépending on the type of 
strain to be measured and the experi- 
mental temperatures involved. All 
problems in a particular class can 
ordinarily be solved using similar 
equipment and techniques. When the 
objectives of an investigation, the test 
conditions, and the characteristics of 
the available equipment are known, 
the proper technique can be selected. 

To help make proper selections, a 
three-part selection guide is provided 
here:. Table 1 is for selecting the best 
techniques on the basis of types of 
Strain and test conditions; Table 2 
makes possible further refinement of 
the “selection by presenting special 


characteristics of the methods; Table 
3 suggests typical applications and 
points out special restrictions. To 
make use of Table 1, you should 
know the answers to these three ques- 
tions which are starting points in 
any experimental analysis and are re- 
flected in the column headings of 
Table 1: 

(1) What type or types of strain 
are to be measured (uniaxial, biaxial, 
triaxial, shear)? 

(2) Is the loading dynamic or static? 

(3) What temperature is involved? 
(Time at temperature must. be con- 
sidered at elevated témperatures.) 

Table 1 may indicate that several 
techniques are possible choices. To 
confirm or refine these choices, the 
headings of Table 2 should be con- 
sidered. The following related ques- 
tions must be answered: 

@What degree of sensitivity is 
necessary? 

© What gage length is indicated? 

@ What range of strain or amount of 
elongation is expected? 

els it necessary to determine the 
direction of the principal stress? 

e Will a display of the entire strain 
field be needed? 

e Are point-by-point strain determi- 
nations desired? 

els the strain gradient sharp? 

els direct reading equipment pre- 
ferred? 

© Must measurements be made at a 
distance from the test structure? 

@ Should complex (and generally 
costly) equipment be considered? 

e Are the necessary read-out in- 
struments available? 

e Is the operator sufficiently experi- 
enced? 

e Is the test to be made in the lab- 
oratory or in the field? 

@ What is the operating environ- 
ment? 
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e How involved are the calcula- 
tions? 

e Is sufficient time available for use 
of the chosen method? 

After the above questions have been 
answered and a method selected, Ta- 
ble 3 can help determine whether se- 
lection falls within a group of typical 
applications and whether any special 
restrictions are significant. 


THE 7 KEY TECHNIQUES 


The most important stress analysis Pes Ween ’ 
techniques involve using one or a es} cal 
} 


tle coatings, (2) bonded electrical-re- 
sistance strain gages, (3) photoelastic 
models or coatings, (4) grid systems, 
(5) X-ray diffractometer, (6) acousto- 
elastic device, (7) extensometers. 


combination of the following: (1) brit- 4 
i 


é RAMADAN els | ah) 


” 


Brittle coatings Menai be | 


Magnafiux Corp 
Brittle coatings are particularly use- [§1..BRITTLE COATINGS 2..STRAIN GAGES 
ful when the direction and distribu- 
tion of the stresses are unknown. 
There are two general types—resin- 
based and glass-based. Resin-based 
coatings are usable in the temperature 
range of approximately 0 to 120 F. 
Glass-based coatings are usable in the 
range from below 0 F to 600 F. 
Both coatings work on the principle 
that, under stress (strain), cracks will 
appear normal to the direction of max- 
imum principal stress. The strains are 
measured by determining the strain 
levels at which cracks just appear in 
the coatings. It is assumed that under 
similar loading conditions whenever 
cracks begin to appear, the strain 
threshold has been reached. The resin- 
based coatings can be used to deter- 
mine both tension and compression , : 
strain; glass-based coatings are useful en ' Pay ar" 


Westinghouse Research Lab Instruments Div, The Budd Co 


only for determining tension strains. - PHOTOELASTIC COATINGS 
Resin-based coatings are employed - -PHOTOELASTICITY ea 


for either macro or micro applications. 
In the macro technique coatings are 
from 0.004 to 0.006 in. thick. A 
new technique has been developed at 
the Battelle Memorial Institute em- 
ploying coatings in the thickness range 
of 0.0005 to 0.0010 inch. This new 
micro technique permits the investi- 
gator to work on small mechanical 
parts and thin diaphragms. 
Glass-based coatings are employed 
only in macro applications where rel- 
atively thick coatings can be tolerated. 
With special spraying and processing 
techniques, glass-based coatings have 
been used for studying the dynamic 
and static strains in large parts such 
as engine blocks. Strains must be in 
tension only; accuracy to about 20%. 


Electrical strain gages 


Bonded electrical-resistance strain Battelih Memorial Inst “Battelle Memorial Inst 
gages are one of the most important 5..GRID SYSTEMS 6. .EXTENSOMETERS 


Baldwin-Lima-Hamilton 
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tools of the stress analyst. They are 
becoming increasingly popular because 
of their comparatively small size, low 
cost, ease of application, and direct- 
reading features. The gages are made 
of thin single wires or foil or wire grids 
and are usually backed for ease of 
handling. A variety of sizes, shapes 
and configurations are available in- 
cluding single-element and two-gage 
rosettes for measuring biaxial stresses 
when the direction of principal stresses 
is known; and three- and four-gage 
rosettes for use when the direction of 
the principal stresses must be deter- 
mined. There are also many special 
types such as isolastic-alloy gages for 
measuring dynamic strains, and high- 
elongation gages for measuring plastic 
strain. A new development is the 
piezoresistance gage which employs 
slices of semiconductors and is un- 
usually sensitive. 

The conventional wire or foil gage, 
when cemented to a test structure, 





undergoes changes in electrical re- 
sistance in direct proportion to the 
changes in strain in the structure. 
Readout instruments such as static 
strain indicators, oscillographs, and 
oscilloscopes, although they actually 
measure changes in electrical resist- 
ance, can be calibrated to indicate 
strain in microinches per inch. 

Strain gages, although extremely 
rugged, are sensitive enough to meas- 
ure fluctuations in strain to 50,000 
cps. Therefore, they are useful for 
measuring strain caused by impact 
and vibration. New developments 
also make measurements possible at 
comparatively high temperatures. 

Because strain-gage techniques in- 
volve detecting minute changes in 
electrical resistance, careful control 
or compensation for changes in tem- 
perature in both gage and leads is 
necessary. Also, even small electri- 
cal leaks to ground can give rise to 
serious errors. These disadvanages, 


however, can be controlled for most 
applications 


Photoelastic models or coatings 


Photoelastic techniques display 
clearly an entire strain field and make 
examination of high strain concen- 
trations possible. Two- and three-di- 
mensional model techniques and the 
photoelastic coatings techniques are 
employed. With all three, the same 
strain-optical property of certain ma- 
terials, chiefly plastic, is utilized. 

This strain-optical property, or bi- 
refringence, is exhibited under illumi- 
nation by polarized light. When the 
optical field thus illuminated is viewed 
through a polarizing plate or plates, 
strains appear as black or colored 
fringes depending upon the type of 
light and the arrangement of the 
polarizing plates. From the observed 
fringes, one can find both the direc- 
tion and the magnitude of the strains. 

In the two-dimensional model tech- 


Table 1—Selection of stress analysis methods 


BRITTLE COATINGS 
RESIN BASED (room temp) 


Macro technique 
Micro technique 
GLASS BASED (elevated temp) 
BONDED STRAIN GAGES 
WIRE AND FOIL (metallic) 
Single element 
Rosettes (all types) 
High elongation 
Dynamic (isolastic) 
SEMICONDUCTORS (Piezoresistive) 
Single element 
PHOTOELASTICITY 
TWO-DIMENSIONAL MODEL 
THREE-DIMENSIONAL MODEL 
PHOTOELASTIC COATINGS 
GRID SYSTEMS 
TWO-DIMENSIONAL MODEL 
THREE-DIMENSIONAL MODEL 


X-RAY DIFFRACTION 
ACOUSTOELASTIC DEVICE 
EXTENSOMETERS 


NOTE: The term “dynamic” is here considered as strain fluctua- 
tions occurring in less than I sec.; brittle coatings are advisable 
for measurement of biaxial stresses only when the biaxial strains 


92 


UNIAXIAL (SURFACE) STRESSES 
DYNAMIC 
TEMP F (MAX) 
1000 | <0 | 100} 200} 600} 1500 


STATIC 
TEMP F (MAX) 
100 | 200 ; 600 


* 
A 
a 


BIAXIAL (SURFACE) 
STATIC 
TEMP F (MAX) 
<0; 100| 200; 600} 1000 


are approximately equal; small single-element strain gages can 
measure triaxial stresses when cast in three-dimensional models 
to indicate principal strains; rosettes are here considered as made 
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nique, models of the test structure are 
constructed. Transmitted polarized 
light makes visible the distribution of 
strain under both dynamic and static 
loading. However, models of the struc- 
ture are sometimes difficult and ex- 
pensive to make. 

Moreover, because of differences in 
the behavior of the materials of the 
model and of the original structure, 
interpretation of results may be diffi- 
cult. 

Models are also necessary for the 
three-dimensional and “frozen-stress” 
techniques. In the frozen-stress tech- 
nique, through a carefully controlled 
loading-heating-cooling cycle, the 
strain-optical effect can be captured 
in certain model materials. Then, if 
the model is sectioned, both the in- 
ternal and surface strains can be 
measured using transmitted polarized 
light. This technique provides one of 
the best means for determining the 
three principal strains. However, in 
addition to the fact that models must 





['ypes of Stresses 


oY 


<< 


G, 


Uniaxial stress field is one in which 
two of the principal stresses are 
zero. Example: Simple tension or 
compressive test. 

Y 


a 


% 


Biaxial stress field is one in which 
one of the three principal stresses 
is zero. Example: Stresses in a thin 
diaphragm. Stresses across the 
thickness dimension are considered 
to be zero. 





cx 
o 


7, 


Triaxial stress field is one in which 
the principal stresses exist in all 
three directions. Example: Stresses 
in the inside wall of an internally 
pressurized thick-walled cylinder. 

r 


yr 


—_—_ 


gc g 


yx 














Pure shear stress field is a biaxial 
(two-dimensional) stress field in 
which the principal stress magni- 
tudes are equal, and one is tension, 
the other compression. Example: A 
round bar subjected to torsion. 





by type of strain and temperature 


STRESSES 
DYNAMIC STATIC 


TRIAXIAL (INTERNAL) STRESSES 


DYNAMIC 


SHEAR (SURFACE) STRESSES, e,—e. 
STATIC DYNAMIC 


TEMP F (MAX) TEMP F (MAX) TEMP F (MAX) 
<0 | 100 | 200 | 600; 1500 | <0| 100 | 200] 600) 1000} <0) 100, 200 | 600} 1000 | <0 


TEMP F (MAX) TEMP F (MAX) 
100; 200 | 600} 1000 | <0 ; 100] 200 | 600, 1000 


up from single-element gages either by the user or the manufac- 
turer; in the use of X-ray diffraction, special hot or cold stage is 
required for temperature ranges other than in the vicinity of 30 


to 120 F; most extensometers measure only static strains —excep- 
tions are electrical types and the DeForrest gage. 
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be constructed, only static loading is 
possible. 

The photoelastic coating technique 
permits both dynamic and static 
measurements to be made on the 
test structure itself. An area of the 
structure is made reflective and a 
uniform layer of birefrigent plastic is 
applied. Then, by means of reflected 
polarized light, the surface strains can 
be determined. This technique avoids 
the need for models though, of course, 
time is required to prepare ¢he plastic 
layer and to cement the layer or shell 
to the structure. 


Grid systems 


Probably the simplest method for 
determining distortion or plastic de- 
formation in a model or a part is 
by marking it with a system of grid 


APPROXIMATE 
MAX STRAIN 
SENSITIVITY 
MICROIN/IN. 


lines. Both two- and three-dimensional 
systems can be used. The lines are 
applied by several means depending 
upon the material and the geometry: 
they can be scratched by hand, ma- 
chine scribed, drawn with ink, im- 
posed on photosensitive coatings by a 
photographic process, stamped with a 
die on a soft coating, or stamped with 
an inked rubber stamp. In still an- 
other method, rubber or wire fila- 
ments are applied to the surface of 
two-dimensional models or parts or 
are cast internally in three-dimen- 
sional models. 

The sensitivity of measurement is 
dependent upon the size and accuracy 
of the scratches or lines and the kind 
of measuring instrument used. With 
an optical micrometer, measurements 
can be made to about 50 to 100 


microinches per inch. However, the 
measurements must be made statisti- 
cally and can require painstaking 
efforts. 


X-ray diffraction 


The X-ray diffractometer provides 
one of the best means of determining 
surface residual strains without dam- 
age to the test structure. It can also 
measure applied strains. Measure- 
ments are made of the changes in the 
spacing of the crystalline lattice re- 
sulting from strain. These changes can 
be determined from the exposed and 
developed film or from a goniometer 
which indicates strain as a function of 
angular change. 

Sensitivity is about +100 microin 
per in.; however, this varies with the 
condition of the test material. X-ray 


Table 2—Operating characteristics of 


INDICATES 


APPROXIMATE 
RANGE, 
% STRAIN 


USUAL GAGE 
LENGTH, IN. 


DIRECTION 
OF MAX 
PRINCIPAL 
STRESS 


INDICATES 
STRAIN 
GRADIENT 


DETERMINES 
STRAIN 
AT POINTS 


DISPLAYS 
ENTIRE 
FIELD 





BRITTLE COATINGS 
RESIN BASED (room temp) 
Macro technique 
Micro technique 
GLASS BASED (elevated temp) 


500 
800-1000 
200 


Very small 
Very small 
Very small 





BONDED STRAIN GAGES 
WIRE AND FOIL 
Single element 
Rosettes (all types) 
High elongation 
Dynamic (isolastic) 
TRANSISTORS (Piezoresistive) 
Single element 


1/64 to | 
1/16to 1 
1/16to 1 
1/16to 1 


No 
No 


1/64to1/2 No 


Yes 





PHOTOELASTICITY 


TWO-DIMENSIONAL MODEL 
THREE-DIMENSIONAL MODEL 
PHOTOELASTIC COATINGS 


GRID SYSTEMS 
TWO-DIMENSIONAL MODEL 


1.0 
1.0 
3 to 50 


Yes 
Yes 
Yes 


10 
10 
10 


Very small 
Very small 
Very small 





50 Varies Varies Yes 


THREE-DIMENSIONAL MODEL 50 Varies 


v4 ! 


Elastic 


Varies Yes 


—— eo 





Lattice spacing Yes 


X-RAY DIFFRACTION ; 


+100 








ACOUSTOELASTIC DEVICE 
EXTENSOMETERS 


10 _ Elastic Yes 








1 to 100 Varies Varies No No 





NOTE: Strain-sensitivity values are approximate —with grid sys- elasticity they vary with thickness and optical characteristics of 
tems they vary with the measuring system employed, with photo- material and instrumentation, and with micro-brittle coatings 
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diffraction measurements are re- 
stricted to the laboratory and to parts 
small enough to be positioned in the 
diffractometer. 


Acoustoeltasticity 


The acoustoelastic technique, or the 
measurement of elastic strain by 
sound, provides one of the few means 
available for determining internal 
strains. It can also spot residual 
stresses. This method employs what 
in effect are polarized ultrasonic vi- 
brations which are generated and sent 
through a structure by a radio-fre- 
quency pulse generator coupled to a 
Y-cut quartz crystal. A similar receiv- 
ing crystal is placed opposite the send- 
ing crystal and the output signal is ob- 
served on an oscilloscope. Strain in 
the material causes a rotation of the 


plane of polarization which results in 
a change in the magnitude of the out- 
put signal. This method, although 
relatively new, holds promise for 
measuring internal elastic strains in 
optically opaque materials. 


Extensometers 


Extensometers are strain-measuring 
devices. Most commercial types to- 
day are employed to develop stress- 
strain curves of materials. Although 
many unusual types have been de- 
veloped, such as pneumatic and 
acoustic devices, the mechanical, elec- 
trical, and optical extensometers are 
most common. 

Mechanical extensometers operate 
on the principle of multiplying levers, 
or a combination of levers and rack 
and pinion movements, to amplify the 


strain between two points on the test 
sample. The instruments vary in 
strain sensitivity from about 10 to 100 
microin per in., depending upon gage 
and base length. The gages measure 
static strains only and are vulnerable 
to shock and impact loading. A not- 
able exception (the DeForest Scratch 
Gage) records dynamic strain by tak- 
ing advantage of the differences in 
the coefficients of static and moving 
friction. Energy stored in the spring- 
loaded scratch arm causes it, when 
strained, to progress across a polished 
plate producing scratches in a Zig- 
zag fashion. Sensitivity is about 50 
microin per in. when the strain- 
scratch pattern is measured with an 
optical micrometer. However, it is 
limited to a 2-inch gage length. 
Optical extensometers are primarily 


stress analysis methods 


ESTIMATED TIME 
DELAY FROM 
FIRST OPERATION 


OPERATING 
ENVIRONMENT 


REQUIRED 


COMPLEXITY REQUIRED CALCULA- 


OF 
EQUIPMENT 
1 T0 4 


DIRECT 
READING 


REMOTE 
INDICATING 


OPERATOR 
EXPERIENCE LABORATORY 
110 4 OR FIELD 


READOUT 
INSTRUMENT 


A=AIR 
W=WATER 
0=OIL 


TIONS 
SHORT—LONG 
110 4 


TO FIRST 
MEASUREMENT, 
HR 





Strain scale 
Strain scale 
Strain scale 


§ to 18 
14 to2 
1 to 10 





Strain indicator, 
oscillograph, 
oscilloscope, 
punch card, 
or print out 


14 to 24 
4 to 24 
2 to 24 
4 to 24 


14 to 24 





Polariscope 
Polariscope 
Polariscope 


|l— 


483 





Optical 
micrometer 

Optical 
micrometer 


1 to 48 


24 to 48 





Goniometer 
(film) 


14 tol 





y 


Oscilloscope 


oe Y, to | 





1, 2,3,4 





Strain scale te ee 


A “4 


None 





and acoustoelastic devices they have not been fully explored. The with material. Strain gages can be employed in a water environ- 
strain range capabilities of photoelasticity and grid systems vary ment if protected. 
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Table 3—Applications and limitations of the analysis methods 


TYPICAL APPLICATIONS OPERATING LIMITATIONS 





No extremely thin membranes in bending 
Only for thin or small parts 
Materials heated to glazing temp (1000 F) 


Machinery, structures, pressure vessels 
Thin membranes, small parts 
Turbine wheels, engines, heat exchangers 


BRITTLE COATINGS: Macro 
Micro 
Glass based 





Protect against electrical instability 
Protect against electrical instability 
Protect against electrical instability 
Protect against electrical instability 
No high strain level or sharp bends 


Machinery, structures, pressure vessels 
Machinery, structures, pressure vessels 
Machinery, structures, pressure vessels 
Machinery, structures, pressure vessels 
Machinery, structures, pressure vessels 


STRAIN GAGES: Single 
Rosettes 

High elongation 
Dynamic (isolastic) 
Semiconductors 





PHOTOELASTICITY: Two-D 
’ Three-D 
Coatings 


Models of machinery or parts 
Models of machinery or parts 
Actual machinery, parts, pressure vessels 


Model studies only 
Static model studies only 
No extremely thin membrane in bending 





GRID SYSTEMS: Two-D 


Specimens, structures, parts 


Model studies only 


Three-D 


Models of parts, structures 


Model studies only 





X-RAY DIFFRACTION 


Specimens, small parts 


Small parts only 





ACOUSTOELASTIC DEVICE 


Specimens, small parts 


Material must be acoustically transparent 





EXTENSOMETERS 


Mechanical tests, primary measurements 


Sharp curvatures difficult 





measuring devices with high strain 
sensitivity. One type operates on an 
optical lever system. The interferom- 
eter devices, which employ interfer- 
ence light fringes, are the most com- 
mon. The optical-lever type provides 
a strain sensitivity of about 2 microin 
per in. and interferometers can meas- 
ure 1 microin per in. 

Electrical extensometers have high 
sensitivity and remote reading fea- 
tures. These devices work on the prin- 
ciples of magnetic inductance, reluc- 
tance, and capacitance. The sensitivi- 
ties vary down to approximately 1 
microin per inch. Some of the most 
popular are differential transformer 
and capacitance devices. 


THREE ANALYSIS PROBLEMS 


These solutions of three typical 
stress analysis problems are based on 
the selection tables and on information 
given in the brief descriptions of vari- 
ous stress-analysis techniques. 


Problem I 


A manufacturer of heavy road- 
building machinery wants to deter- 
mine the location of maximum uni- 
axial stresses and their direction and 
magnitude in a prototype mobile 
earth mover under the most severe 
operating conditions. 

Significant test conditions: (1) Nor- 
mal temperatures; (2) In the field; 


% 


(3) Dynamic loading; (4) Large test 
areas. 

According to Table 1, brittle coat- 
ings, electrical-resistance strain gages, 
photoelasticity or extensometers could 
be employed. However, according to 
Table 2, the investigator is limited to 
either brittle coatings or photoelastici- 
ty because it is necessary to display 
the whole field to show the location 
of maximum strains. Choose either 
brittle coatings or photoelastic coat- 
ings, depending upon the time and 
equipment considerations. Bonded 
electrical-resistance strain gages might 
be used after brittle coatings to ob- 
tain more detailed dynamic informa- 
tion about strains in limited areas. 


Problem II 


A manufacturer of turbine blades 
wants to measure the uniaxial strain 
in the fillet on the leading edge of a 
blade under dynamic conditions. The 
temperature will be controlled to 900 
F. 

Significant test conditions: (1) Max- 
imum temperature 900 F; (2) Dynamic 
loading; (3) Remote indicating neces- 
sary; (4) Stress concentrations. 

Because of the high temperature, 
which is controlling, the technique 
must be capable of dynamic measure- 
ment at 900 F. According to Table 1 
only bonded _ electrical-resistance 
strain gages are suitable. 


Problem III 


A manufacturer of automobile fans 
wants to study dynamically the mag- 
nitude and distribution of stresses in 
his product using various means of 
blade attachment. 

Significant test conditions: (1) Nor- 
mal temperatures; (2) Dynamic load- 
ing; (3) Whole field display required; 
(4) Laboratory testing; (5) Either con- 
tinuous or intermittent readings. 

Because the blades are thin, the 
strains to be considered are either uni- 
axial or biaxial. According to Table 
1, brittle lacquers, strain gages, photo- 
elastic models, or photoelastic coatings 
could be used. Special extensometers 
might also be suitable. However, be- 
cause the whole field must be dis- 
played, strain gages are eliminated ac- 
cording to Table 2. The photoelastic 
model technique is also eliminated 
because measurements are to be made 
directly on the blade. Therefore, 
choose either the brittle coating or the 
photoelastic coating techniques. The 
choice will depend on the relative ad- 
vantages to be gained. Photoelastic 
coatings indicate strain continuously; 
brittle coatings indicate strain only 
when the strain level is sufficiently high 
to crack the coating. 


For Reprint of above article, just 
check 634 on one of the Reader Serv- 
ice cards found in this issue. 
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Put eddy current to work 


It can transmit small forces to or from moving bodies 
without contact. It can sense position, damp vibrations. 


ROBERT J COHEN, Kearfott Div, General Precision Inc, Clifton, NJ 


UT the lines of force in a magnetic 

field with a conductor and you 
induce a current in the conductor. 
The current is called an eddy current 
if the conductor offers a closed cir- 
cuit for the current. The current goes 
nowhere; it just circulates within the 
conductor and generates heat, which 
is usually unwanted. However, a 
force is generated as well, and this 
can be put to work. The force comes 
about because eddy current sets up its 
own magnetic field which interacts 
with the original field. 

A good example of eddy-current ef- 
fect at work is the automobile speed- 
ometer. A permanent magnet rotates 
inside a pivoted drag cup which is 
connected to the pointer and re- 
strained by a spring. Rotation of the 
magnet induces a current in the drag 
«cup. This induced eddy current cir- 
culates, or “eddies” around in the cup. 
Its magnetic field reacts with the field 
of the magnet and produces a torque 
on the cup, which then rotates, wind- 
ing up the spring. The position of 
the pointer is proportional to velocity 
because the torque set up by the eddy 
current is inherently proportional to 
the speed of the magnet. 

Although the eddy-current effect 
provides stepless_ resolution for 
smooth transfer of torque, and elim- 
inates the need for a magnetic reacting 
element, eddy currents do have seri- 
ous limitations: 

© Low efficiency 

@ Generation of heat 
ductor (reaction element) 

@ Relative motion (or an alternat- 
ing field) is needed to induce the eddy 
current 

The fact that torque output is sen- 
sitive to velocity of the moving ele- 
ment is a distinct advantage in appli- 


in the con- 


Pointer magne 


Hairspring 


AUTOMOBILE SPEEDOMETER 


cations such as tachometers and a 
definite disadvantage where constant 
torque is necessary in clutch appli- 
cations. 

A second example of eddy current 
at work is a position transducer based 
on signals from a differential trans- 
former. The transformer has a pri- 
mary coil supplied with ac and two 
secondary coils in series opposing. A 
nonmagnetic conductor is placed in 
the transformer’s magnetic field. The 
magnetic field of the eddy current in- 
duced in the conductor unbalances the 
transformer and the output voltage is 
a function of the position of the con- 
ductor in relation to the secondary 
coils of the transformer. 

Note that the differential trans- 
former is a low-impedance signal 
source, somewhat unusual in position 
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transducers. As long as vacuum tubes, 
with their high input impedance re- 
ceived the transducer’s signal, high- 
impedance sensors such as capacitance 
transducers were preferred. Now that 
more and more circuits are designed 
for transistors, demand for low-im- 
pedance sensors will increase propor- 
tionately. 


Choosing a material 


The ideal conductor material for an 
eddy-current device would possess 
two important characteristics: high 
conductivity, and insensitivity to 
temperature change. A glance at the 
table of conductor materials (next 
page) will show that, unfortunately, 
the best conductors are most sensitive 
to heat and vice versa. Resistivity is 
the reciprocal of conductivity, and 
coefficient of resistivity is change of 
resistivity with temperature. Notice 
that one of the best conductors, cop- 
per, is most sensitive to temperature 
change, and conversely, Manganin, 
which isn’t affected by temperature 
change at all, is the worst conductor. 

Here are three general rules to fol- 
low when choosing a material: 

e For high current output, choose 
materials having low resistivity. 

e For high linearity, choose ma- 
terials having low coefficient of 
resistivity. 

e For high linearity, avoid mag- 
netic materials. 

Applications such as pumps for 
conductive liquids (acids, salt solu- 
tions, etc.), while still examples of 
eddy-current effect, are somewhat 
special and don’t follow these rules. 
Here the forces of reaction between 
the magnetic fields cause fluid pump- 
ing in glass or plastic tubing. 

continued, next page 
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Magnet (independent 


of drag cup) 


Drive motor 


Dorsonval 


ee meter movement 
Flexible leads 


ifferential 
te eel from accelerometer 


Relay 
contacts 











AC ‘ 
eXC/ tation ~F 


source 


Excitation coil 
Voltage pring 
Dickoff 


) Output coils 
| connected 
in series 
’ Opposition 


DC INTEGRATOR. Current to be in- 
tegrated—say from an accelerometer—en- 
ters coil of D’Arsonval meter. Drag-cup 
assembly is displaced proportional to 
amount of current. Pickoff senses dis- 
placement from null. Error signal is am- 
plified to power motor which drives 
magnet inside drag cup until eddy cur- 
rent produces force which just counter- 
acts original displacement force. A tach- 
ometer (not shown) is attached to 
magnet shaft to indicate shaft velocity 
which will be proportional to current 
from accelerometer. A counter (not 
shown) is attached to magnet shaft to 
indicate total shaft turns which will be 
proportional to integral of current. 


AC RELAY uses eddy current to elim- 
inate chatter. As magnetic field col- 
lapses during each cycle, eddy currents 
in shorted “D” ring pressed into slot 
tend to oppose the collapse—reducing 
pulsating component of magnetic attrac- 
tion, thereby making the attraction more 
constant, and eliminating chatter. 


TACHOMETER. The center coil (pri- 
mary) of the differential transformer is 
excited and the two output coils (sec- 
ondaries) are connected in series opposed 
so that output voltage is at null. When 
drag cup rotates, eddy currents are in- 
duced and are displaced in direction of 
rotation. Interaction of eddy-current field 
with transformer field unbalances trans- 
former, producing signal proportional to 
velocity of cup. Magnetic return path 
within drag cup will increase efficiency 
by concentrating flux lines. 


¢ 
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INERTIA DAMPER. Retarding torque 
opposes shaft rotation and is proportional 
to velocity just as if the disk were rotat- 
ing in a viscous fluid. One application of 
the damper or eddy-current brake is in 
watt-hour meters to measure power con- 
sumed. Driving the disk is a second eddy- 
current device consisting of two coils: 
one containing current proportional to 
the line voltage; the second containing 
current proportional to line current. The 
two coils, through eddy-current effect, 
drive the disk at a velocity proportional 
to the power being consumed in the line; 
counting the revolutions of the disk rec- 
; ords power-time integral. 

Retording In another application, two adjacent 
torque disks can be used as an eddy-current 
opposes clutch by replacing the permanent mag- 
rotation Eddy-current net with an electromagnet, carrying ac 
of shaft pottern or de. Here transmitted torque is pro- 

portional to current. 


Permanent magnet 


Drag disk 








Conductor . Motion of Primary coils are POSITION TRANSDUCER uses eddy 
\ conductor connected in at current to indicate exact location of con- 
poralle/ ductor. Primary coils are connected in 
parallel, secondary coils in series oppos- 
ing. When conductor is in exact center, 
null condition exists. When conductor 
is displaced, eddy current produces out- 
put proportional to displacement of con- 
ductor as it rotates on pivot. 


current 
porttern 











Secondary coils are 
connected in series opposing 


REPRESENTATIVE MATERIALS FOR 

EDDY-CURRENT USE 

MATERIAL RESISTIVITY COEFFICIENT 
x 10°° ohm-cm OF RESISTIVITY 
(room temp) x 10° ppm 





Copper 1.8 4.0 





Nonmagnetic 43.0 


tainless (302, 303) not available 








Aluminum alloy 2.8 3.9 





Brass 8.0 2.0 





Gold 2.4 3.5 





Silver 1.6 3.8 
SERVOMOTOR-GENERATOR serves as rate servo. It 
44.0 0 combines a tachometer and a drag-cup motor (same as 
— : a ~ squirrel cage motor except it has no slot effect). 
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Manganin 
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Nylon chain keys) 


All-mechanical design cuts maintenance 


keeps manufacturing simple 
and inexpensive. 


HILATELISTS may ignore them, 

but avid shopper-collectors have 
made trading stamps a common fix- 
ture at supermarket check-out coun- 
ters. The price is in the shopper’s 
bill, of course, but a less obvious price 
is in slower service as stamps are 
carefully torn from sheets. The Roto- 
Stamp Corp of San Francisco hopes 
to cash in on the confusion, with ma- 
chines that count out the right num- 
ber of stamps and tear them off rolls. 
It commissioned consultant W. B. 
Fahrenbach to design an all-mechani- 


cal unit with absolutely minimum 
maintenance requirements. His solu- 
tion—a plastic chain that serves as 
keyboard and drive chain. 

To satisfy Smith-Corona Marchant, 
which manufactures the dispensers, he 
had to put together an array of four 
models with the fewest possible parts. 
The machines handle different stamp 
sizes, from big ones representing $10 
in purchases, to the smallest size for a 
10¢ sale. To assemble a model for 
sales in dollars and cents, two units are 
clamped together. 








NYLON CHAIN turns two sprock- 
ets when cashier pushes down on the 
scoop-like finger tab opposite the 
amount of sale. Lower sprocket 
turns the counter to keep track of 
number of stamps. Upper sprocket 
drives a roller which drags stamps 
from a storage coil. For accurate 
metering the roller has pins which 
mesh with holes punched between 
stamps. Cashier completes trans- 
action by pressing cut-off bar at bot- 
tom which swings the tapered shear- 
ing blade forward to slice off the 
customer’s stamps. 

Different models carry enough 
stamps to cover sales of $3000 to 
$55,500. Since that many stamps 
have a redemption value of $30 to 
$555, dispensers have two locks 
for double security. Case lock seals 
roll compartment. Roller lock makes 
it impossible to unreel stamps from 
the front. From the roller lock a 
shaft passes under the upper sprock- 
ets. When the shaft turns, cams force 
rollers between the teeth of each 
sprocket locking the nylon chain. 


Locking 
roller 


Locking 
cam 


Counter 
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for stamp dispenser 


INTERCHANGEABILITY of parts 
between units and units between com- 
binations keeps manufacturing costs 
down. For instance, end plates on supply 
reels are the same; only the length of the 
center spool changes from unit to unit. 
Metering rollers and pressure rollers are 
stacks of disks with more disks for wide 
rollers, fewer for narrow ones. The same 
concept carries over to building up com- 
binations of units. Each of the four com- 
binations is like a club sandwich with 
tie rods for toothpicks. One machine 
has a standard right-end piece, a 10¢ 
frame—also on all combinations, a $1 
frame and a standard left-end piece. This 
whole combination reappears in the ma- 
chine behind it plus a $10 frame and a 
different piece of sheetmetal down the 
center. Primary difference from unit to 
unit is the width of non-operating sheet- 
metal parts. 





Supply ree/ 


key for rollers 
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YAN be used for meters of any ca- 
b pacity while they are in service. 
Self-cleaning unit can be remotely con- 
trolled to provide meter factors for 
different fluids being measured by 
same meter. In unidirectional sys- 
tems the ball is inserted in a loop in 
the main pipeline and it travels only 
one way during the test. In bi-direc- 
tional tests the ball is retained in a 
separate calibrated pipe loop tempo- 
rarily connected to the main line. 
Transfer valves permit the operator 
to reverse fluid flow. Bi-directional 
system shown is trailer mounted and 
used to check meters in the field. 
Units are certified to 0.02% accuracy. 
Spheroid Piston Meter Provers are 
produced by F H Maloney Co, 
Houston, Texas. 


Control box for snowplow and spreader 


gains compactness and durability. 


ULL-RIGGED, a dump _ truck 

fitted out with a spreader and plow 
for winter snow-fighting has a cab 
crammed with six control levers, a 
plow pump and a 2-ft-long auxiliary 
electric panel. This leaves little room 
for anyone except the driver. And 
later, when the truck is stripped for 
resale, it is so cut up inside that it 
can’t command top price. To reduce 
clutter Raymond W. Pecaut, Equip- 
ment Superintendent for the Ohio 
Turnpike Commission, revamped the 
road’s new fleet of trucks. He elimi- 
nated the plow pump by hooking up all 
hydraulics to the truck’s own pump, 


transferred all seldom-touched con- 
trols outside and made the rest of the 
controls remote-operating. His push- 
button box is the result. 

After the snows are over the snow- 
fighter returns to the job as a dump 
truck. The dump cylinder is then 
switched over to pushbutton control 
by hooking it into the up-down line 
of the plow. 

There’s a human-engineering side 
to the story, too. Drivers wear heavy 
work gloves, so there is a fence on 
top of the box to guide fingers to the 
right button and keep them from pres- 
sing two at once. 


Ball sweeps pipe 


To calibrate flow meters ball travels 
between detectors and displaces 


known volume. 








Sphere detector 











Known volume 


Ball piston travels between two de- 
tectors displacing a known volume 
of fluid. Photoelectric pickup is 
attached to tachometer in meter 
under test and transmits high-reso- 














v4 ees 
time piston 


lution impulses to an electronic 
counter. The counter only records 
pulses received during the time be- 
tween signals from the detectors. 
Reading on counter is compared 








in snowtruck controls 
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1 
Pushbutton 


Pushbuttons contro! movement of plow through solenoid 
valves. One button raises the plow, one lowers it, one 
moves it right and one moves it left. Since both the 
plow cylinders and the sand-spreader motor are supplied 
by one pump, additional valves must switch high-pressure 
oil to the accessory that needs it. Oil goes to the spreader 
if it is switched on and the plow doesn’t need oil. 

When a button is pushed it completes two circuits, one 
to the switching valves which direct oil away from the 
spreader and to the plow, and a second to a solenoid 





Three out of four plow circuits interconnect through 
the switch valve circuit to direct pump output away 
from spreader and to the plow. The “lower” circuit 
doesn’t need pressurized oil—the weight of the plow 
itself will force the oil out of the cylinder to the tank. 
The diodes conduct current in only one direction, so they 
prevent current from flowing out of the switch valve 
circuit into the solenoid circuits. If it weren't for the 
solid-state diodes, pressing one button would actuate all 
the solenoids. Relays would do the same job, but wouldn't 


valve which directs oil to the appropriate cylinder ports. fit in the house-wiring box which carries the buttons. 











length 


Cavity valve 
piston 
Known Separator tee 


Tachometer at meter volume 


Yanee 
. - 
© z 

4 4 


ee 


Valve in normal position 


Contro/s 











| Mefer 


under test Closure 


Launch fee 


to the known volume to obtain a 
meter calibration factor. The ball 


180° back 
The valve recycles 


Cavity valve is used in the unidirec- plete the test and rotates 


piston offers excellent repeatability, 
‘infinite wearing surfaces, and it can 
run around sharp bends. 


tional system to insert and remove ball 
piston into stream of fluid being tested. 
To start a test the “Launch” button is 
pushed, rotating the valve 180° to drop 
the ball into the line. The valve dwells 
a preset time to allow the ball to com- 


to start position. 
the ball piston to permit testing with- 
out interruption or valving of the fluid 
being tested. Bars in the separator and 
launch tees prevent the ball from leav- 
ing the test loop. 
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Blast of air plus abrasive 


c% Pierces stone 


Lightweight unit uses airborne abrasive 


grit for clean, quiet deep-hole drilling 


ORTABLE drill has a high-velocity 

stream of air carry abrasive par- 
ticles to cut through concrete, stone, 
glass, ceramic or brick. The drill also 
has retrieving system that allows re- 
using the abrasive by separating it 
from particles of drilled material. 
Drilling is accomplished with a mini- 


mum of dirt and without the high 
noise level and vibration produced by 
usual drills or air hammers. The drill 
was developed by Alan E. Dilliard and 
Edward L. Mifflin Jr, now retired, of 
the Technical Service Dept, U.S. 
Army Engineer Research and Devel- 
opment Laboratories, Fort Belvoir, Va. 


Nozzle 


| 


Plunger \ 


| Rubber shield Pam : 


Dust bag 


Separating chamber 
Dust bog 





— 


Catch 








SECTION A-A 


Air supply 




















Air-abrasive mixture used in drilling 
is controlled by a pair of inter- 
connected valves. When the air valve 
is lifted off its seat the linkage lowers 
the grit-valve plug. This allows the 
abrasive grit to flow into and mix with 
the air stream. The grit-air mixture 
flows through the rubber hose to the 


central tube in the drill head. The 
abrasive mixture is discharged from 
the nozzle, which is held close to the 
surface to be pierced. A rubber shield 
on the outer tube encloses the cutting 
area and prevents the escape of grit 
or aggregate. The trapped air blast 
forces the removed material and grit 


through the return tube to the plastic- 
iined spearating chamber where the 
heavier grit drops out of the air stream 
while the pulverized aggregate is dis- 
charged into the dust bag. A plunger 
on top of the unit then dumps re- 
covered grit back into the grit-supply 
chamber from storage compartment. 
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Should industry ban 


Convention recruiting? 


Survey by Deutsch & Shea indicates most companies would 
go along with such a restriction—if it could be enforced. 


OR engineers, professional confer- 

ences and shows have become 
financial as well as technical hunting 
grounds during the past decade of the 
“engineering shortage.” The bright 
and near-bright young engineer is con- 
fronted with a battery of industrial 
recruitment officers, each dangling be- 
fore him glowing accounts of chal- 
lenging jobs with good pay in a com- 
munity offering fine schools, cultural 
opportunities and good climate. 

The professional meeting is a unique 
opportunity for industry to find a pool 
of highly trained men gathered in one 
spot. It’s been an important employ- 
ment device to many companies. But 
many companies now feel that the 
quality of conventions has suffered 
because of the divided attention of 
participants. And they sometimes find 
themselves picking up the tab for an 
engineer who goes off to improve his 
technical abilities and returns with a 
new job. 

Because of past abuses, many com- 
panies now favor abandonment or cur- 
tailment of convention recruiting. A 


MOST RECRUITMENT OFFICERS NOW FAVOR A 


Companies 


Aerospace 44 
Electronics 105 
Chemicals 27 
Machine & other 24 


200 


200-company survey by Deutsch and 
Shea, New York Manpower Consult- 
ants, found that 75% of respondents 
favor a ban on convention recruiting. 
A clear majority (65%) admit that 
they regularly recruit at conventions. 
Almost ¥% go to at least three con- 
ventions and almost %4 go to more 
than three. 

Some 60% of the companies that 
recruit at conventions say they rely on 
them to fill genuine manpower needs. 
As one executive of a California com- 
pany commented: “We have made it 
a general practice to recruit at special- 
ized national conventions where con- 
centration of talent is available at 
one time of the year at one place. Past 
results have indicated that we have 
been able to save time and money by 
following this practice.” 

Another 30% go because they con- 
sider it necessary if they are going to 
be able to compete for technical man- 
power. As a placement officer for a 
large New England company puts it: 
“We do not want to be conspicuous 
by our absence. The actual number 


BAN 


Oppose No Answer 
34 10 0 
87 16 2 
15 12 0 


17 5 2 


Favor 


153 43 + 


MORE WOULD RECOMMEND THEIR COMPANIES HONOR A BAN 


Companies Yes 


Aerospace da 
Electronics 105 
Chemicals 27 
Machinery 24 


200 


No 
36 3 
1 


No Answer 
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of hires never justifies the expense.” 

The large proportion of recruitment 
officers who favor a ban on convention 
recruiting generally feel that such ac- 
tivities have undermined the purpose 
of the conventions. The personnel ad- 
ministrator of a New England elec- 
tronics firm told the survey team: “I 
don’t generally like ‘bans’ but I do 
believe that some catalyst is necessary 
to stop the insane recruiting rigadoon. 
I think recruiting materially dilutes the 
purposes of professional meetings.” 

Another said, “I have long felt that 
heavy recruiting activities have sapped 
the vitality of the technical conven- 
tions and are rapidly degenerating the 
quality of the meetings. In fact, a ban 
might encourage more people to write 
and deliver papers if they thought they 
would have an audience.” 

Many who oppose a ban base their 
objections on enforcement difficulties. 
“It leaves the ethical companies at a 
disadvantage,” says an industrial rela- 
tions officer from a West Coast firm. 
One of his East Coast counterparts 
says, “. . . we believe such a ban could 
not be enforced, therefore it is im- 
practicable.” 

Others feel it an infringement of 
their legitimate rights. Says one re- 
spondent, “Any organized effort to 
restrict free and competitive recruiting 
of engineering and scientific manpower 
would be directly against public policy, 
the rights of individuals, and the prin- 
ciples upon which technology is 
based.” 

Many companies— including a num- 
ber who favor a ban—suggest that 
recruiting should be handled through 
the registry list of a professional so- 
ciety. This procedure is followed by 
the American Chemical Society. At 
national conventions, chemists and 
chemical engineers seeking employ- 
ment and companies seeking em- 
ployees register with the society. The 
society then schedules interviews be- 
tween the two parties in an orderly 
and regulated way. end 
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For jumbo shapes to come 


New ways to form metal 


Electric discharge and magnetomotive techniques 
could revolutionize metalworking industry for 
fast, inexpensive components. 


R J WARD JR, Huntsville news bureau 


S the need grows for bigger metal connectors, bulged tubes and many charge, magnetomotive and chemical 

sections or specially formed sizing operations require better uni- explosive. Properly developed, the 
shapes, metalforming methods are be- formity, faster production methods first two methods (see “Developments 
ing hard pressed to meet demands. and lower costs. to Watch,” p 69) could be used for 
For example, the 300- to 400-in. bulk- To meet tomorrow's demands, en- smaller parts. Chemical explosive tech- 
heads needed for the next generation  gineers and scientists of the Methods nique, where a sheet of metal is forced 
of missiles and space craft just can’t Research and Development Branch of into a hemispherical die by shock 
be formed by present-day hydrospin- the Marshall Space Flight Center's waves from a controlled explosion, 
ning methods (see “Theoretical For- Fabrication and Assembly Engineering seems the answer for fabricating mon- 
mability,” p 71) used on 105-in.-sec- Div are investigating three advanced _ ster bulkheads and other shapes. Here, 
tion bulkheads. In addition, swaged metalforming methods—electric dis- companies such as Ryan Aeronautical 


Explosive technique forces water to do the shaping 
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ROCKET motor case is explosively sized in external die 
at Propellex Chemical Div facility. Cases, 18 in. dia, 1 
ft long, are held to diametral tolerances of +0.020 in. 
Detonation forces jets of water through die vents. In 
addition to rocket cases, Propellex is forming a variety 
of other parts by this method. One is the 54-in.-dia heads 
for the Polaris missile. The head, made of high-nickel, 
low-chromium alloy steel, is hot-preformed and shaped 
without stress relieving or annealing. Dished heads up 
to %-in. thick have been formed. 


VARIETY of explosive-formed parts displayed at one of 
the three forming pits at Ryan Aeronautical Co’s high- 
energy forming facility. Detonation of small placed 
charges in water-filled pit gives small geyser as metal is 
shaped to die (other dies are at rear). Ryan has shaped 
more than 200 different intricate parts by this process. 
More than 35 tough alloys have been used successfully. 
On the strength of favorable results with these parts, tool- 
ing is underway for much larger hemispherical shapes 
that can be used in missiles. 
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and the Propellex Chemical Div of 
Chromalloy are handling the R & D 
for the government agency. 

The Center, which has done ex- 
tensive work in development of weld- 
ing techniques and equipment, admits 
that no industrial organization in the 
US—governmental or private—is now 
equipped to fabricate bulkheads larger 
than 200 in. dia, and that hydrospin- 
ning appears impractical for forming 
the extralarge bulkheads—‘in one piece 
or with a minimum number of welds— 
needed for future Saturn or Nova- 
class vehicles. According to Edward 
R. Williams, general manager of 
Chromalloy’s Propellex Chemical Div, 
“going to these larger sizes poses some 
tricky engineering problems, not the 
least of which is a large enough sheet 
to start with. 

“We've solved that one by welding, 
but then we have to be particularly 
careful in the metal-treating techniques 
we use prior to the actual explosive 
shot. Also, we’ve had to rethink the 


question of a die material, getting one 
which can be formed into these extra- 
large shapes, and be capable of with- 
standing the tremendous sudden shock 
forces. 

“Although we don’t yet know what 


the ultimate limitations are likely to 
be, having just started on this devel- 
opment program, thickness doesn’t 
seem to pose too severe a problem. 
Whether we use a single shot or sev- 
eral to achieve a particular shape de- 
pends largely on the amount of draw 
required.” 

While the electric-discharge and 
magnetomotive methods evidently are 
impractical for forming super-sized 
bulkheads they will be of great im- 
portance in other applications. Earl A. 
Hasemeyer, a metalforming specialist 
with the Methods R & D Branch, sees 
these methods as having “revolutionary 
implications” for the metalworking in- 
dustry. “With their repetitive feature, 
in contrast to chemical explosive meth- 
ods, the techniques could be adapted 
to automated manufacturing.” 

Electrical-discharge forming uses 
the ultrafast discharge of voltage from 
a capacitor bank, through an ioniza- 
tion carrier switch, and into a titanium 
bridge wire. With the overload of 
current, the wire explodes, sending a 
supersonic shock wave through the 
medium of water and forcing practi- 
cally any material into an evacuated 
concave die. 

A recent innovation at the Marshall 


PRODUCT ENGINEERING + OCTOBER 16, 1961 


Center explodes the bridge wire in a 
closed container—at the apex of a 
cone—which contains the energy lost 
in an unconfined explosion. 

The magnetomotive technique is 
similar, but uses a coil instead of the 
exploding bridge wire. Voltage dis- 
charge through the coil induces eddy 
currents in the metal to be formed. 
For example, in the bulging of tubes, 
the coil is inserted in the tube; the 
voltage discharge creates an outward 
shock wave. In swaging connectors, 
the coil is placed around the connec- 
tion point, and the metal sleeve is 
compressed rather than expanded. 

The Methods R & D branch, 
charged with developing techniques 
and tools for contractors to use in 
production, is now building a blast 
chamber which will permit tests of 
the two high-speed electric energy 
processes on a larger scale. 

The new chamber, called Medusa, 
measures 7 ft dia and 8 ft deep, will 
use energy from a 240,000-joule ca- 
pacitor bank—in contrast with the 
present 18-in.-dia, 36-in.-deep, 20,000- 
volt capacitor bank facility. Medusa 
will permit discharging the energy 
either in sequence at varied time in- 
tervals, or simultaneously. 


TITANIUM bridge wire located at 
apex of cone-shape container increases 
explosion force within chamber. Electric- 
discharge and magnetomotive tests at 
Marshall Space Flight Center using this 
chamber indicate methods can probably 
form any metal except cast iron or others 
that have low ductility. Present chamber 
can form 5- to 10-in.-dia hemispherical 
sections and smaller components. A new 
blast chamber 10 times larger, now 
under construction, will have discharge 
currents approaching 1,000,000 amp 
within microsec. Pressure sensors on 
present equipment, located 4 in. from 
the exploding bridge wire, have recorded 
50,000 psi; new unit should develop pres- 
sures over a million psi. 


TWO EXAMPLES of magnetomotive 
formed parts are at top. (Left) Assembly 
consisting of cable inserted in experi- 
mental coil with the connector joined to 
cable, ready for swaging. Next are shown 
stages in swaging. (Right) Bulged tube 
is result of shock wave given by the coil 
to the wrought tube. Lower two rows 
show 5- and 10-in. hemispherical shapes. 
(Center) Shapes with varying degrees of 
concavity. (Bottom) Formed welded 
shapes and, at right, a 10-in.-dia section. 
Both electric-discharge and magnetomo- 
tive methods were used to make com- 
ponents of the welded shapes and to tamp 
the welds smooth on the concave surface. 
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PANORAMA 


PORTABLE INJECTION MOLDER 
Hand-held device weighs just 31/2 Ib, 
yet can be used to mold or extrude 
thermoplastic parts weighing up to 
% oz—is now being test-marketed in 
Canada by Northwest Industries Ltd, 
Edmonton. Called the Flogun, and 
looking much like a hand-held drill or 
airgun, it operates on line current. 

Material, in rod or cartridge form, 
is loaded into the hopper, plasticized, 
and then ejected into the mold by a 
trigger in the handle. Northwest says 
the relatively low injection pressure 
permits using simple, inexpensive 
molds, makes the unit especially suit- 
able for experimental and short runs. 
A cable is being spliced at left. 

Mold cavity area is 7 sq in; mold 
pressure range, 1750 to 2250 psi; in- 
jection rate, up to % cu in./sec; tem- 
perature range, 100 to 600 F. The 
gun itself is just about 15 in. long. 
Canadian price: $375. 








TURNING AT 120,000 RPM Ball 
bearing is tested in General Electric 
Co’s Bearing and Lubrication Center. 
Bearing in this machine, similar to 
those used in roller skates, is spinning 
at a rate comparable to roller skating 
at 720 mph, faster than speed of sound. 
In addition to conventional bearings, 
tests will be conducted on air and 
other bearing types as well as lubri- 
cants. One lubricant that is usable 
under certain condition is gasoline, 
which would save on materials and 
components since an extra oil lubrica- 
tion system would not be required. A 
similar economy can sometimes be 
achieved by using refrigerants as lubri- 
cant in compressor bearings. 
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PACKAGING THE PASSENGER 
Air Bag seat, which acts as a protec- 
tive device, is the approach taken by 
Lamm Aircraft Co, Oakland, Calif, to 
reduce injuries in aircraft accidents. 
Present thinking calls for merely in- 
creasing seat strength to take loads of 
12 g’s or higher, but this would impose 
severe weight penalties (all structures 
would have to be strengthened) and 
probably would not improve safety. 
Crash deceleration load forces cause 
seat structures to break or pull loose 
from floor-attachment fittings, sub- 
jecting passengers to violent flailing 
movement, or the seat structure holds 
but the passenger is jacknifed about 
the seat belt, and strikes the seat in 
front or is struck by flying debris. The 
Air Bag seat proposed consists of a 
cellular air bag without metal framing, 
which rests on the aircraft floor. All 
compression loads are handled by air 
pressure; all tension loads by nylon 
tension straps, nylon cloth, rubberized 
nylon and rubber. Failure of the seat- 
to-iioor tension-strap attachments 
transfers loads to below the floor-level 
cables. 

In case of accidents, the seat bot- 
tom compresses under load, moving 
passenger to about floor level; seat- 


$120,000 JET MODEL 

Testing has just started at Cornell Aero- 
nautical Laboratory’s hypersonic wind 
tunnel. First tests will cost some $375,- 
000, with additional tests raising 
figure to about $700,000. Lockheed 
was awarded a potentially $1-billion 
contract to develop and produce the 
MATS jet transport (to be called the 
C-141) with stipulation that 50% of 
the work be subcontracted. The 412- 
ft wingspan model will be subjected 
to hundreds of hours of tests before a 
full-scale plane is built. It will have a 
full-width rear-loading ramp and a 
fully pressurized cabin to carry troops 
above 25,000 ft. Speed will be 440 to 
550 nautical mph, range will be 3000 
nautical miles with a 60,000-Ib load 
and 5500 miles with a 20,000-Ib load. 
Lockheed will make 100 of the jets. 


back moving over his back and head 
gives protection against flying debris. 
Jackknifing about the seat belt, if the 
passenger has not slipped into shoulder 


harness recessed into detents at 


PRODUCT ENGINEERING + OCTOBER 16, 1961 


shoulder height, will bring his head in 
contact with an air cushion, and 
ballooning action of the seat protects 
his upper torso, decreasing the chances 
of injury. 





Electronic products highlight 


Boycotted Leipzig Fair 


East Germans show first printed 
circuit component—ataperecorder. But tubes and 
wired chassis still predominate. 


JAMES MORRISON, Bonn news bureau 


66] F we have to, we can certainly do 

without West German trade,” 
Bruno Leuschner, vice-president of the 
East German Council of Ministers, 
said as he officially opened this au- 
tumn’s Leipzig fair. He was answering 
a call made by the West German 
Federation of Industries to its mem- 
bers—to boycott the exposition in 
protest against the recent walling up of 
the Soviet sector of Berlin. 

Midway through the fair it was obvi- 
ous that attendance was smaller than 
last year and less business was being 
done. The official catalog lists 6439 
exhibitors from 45 countries but East 
German authorities admit that only 
494 West German firms were exhibit- 
ing instead of the expected 700. Last 
year’s autumn show saw more than 
1000 West German firms taking part. 
And a pre-opening tour of the sprawl- 
ing exhibition revealed quite a num- 
ber of booths not taken up and being 


hastily filled at the last moment with 
goods manufactured in East Germany. 

Fair unveilings included a transistor- 
ized electronic computer, about the 
size of an ordinary office desk and, 
component for component, almost 
identical with the American IBM 610 
which came onto the market about 
three years ago. Also on display were 
the first portable transistor radio of 
East German manufacture. and _ its 
first automatic washing machine. 

At a simultaneous showing of East 
German radio and TV equipment, one 
state-subsidized firm heavily  spot- 
lighted a tape recorder which is sup- 
posedly the first bit of consumer elec- 
tronic equipment in the country to be 
standardly equipped with printed cir- 
cuits. This year, the East Germans 
made a great showing of hi-fi stereo- 
phonic sound and displayed quite a 
number of radio receivers and record- 
ers equipped with stereo outputs. With 


the exception of the hand-wired 
chassis and the use of tubes instead of 
transistors, much of this equipment 
closely resembles models shown here 
‘ast year by the West German radio 
industry. A couple of the newest TV 
receivers used 23-in. rectangular pic- 
ture tubes from West Germany. 

A spokesman of the radio industry 
added that just now about 30% of all 
radio components used in East Ger- 
many are imported from the west, 
predominantly from West Germany. 
“In theory,” he said, “the Soviet bloc 
intends to make itself completely self- 
sufficient, but in practice this is hardly 
feasible.” This was later confirmed 
by Bruno Leuschner, who, in addition 
to being deputy chairman of the Coun- 
cil of Ministers, is also chairman of 
the newly formed East German Eco- 
nomic Council. Admitting failure of 
the East German economy to meet the 
target set for 1961, Leuschner said 
that attempts to overhaul West Ger- 
many in consumer goods production 
have failed miserably and the Seven 
Year Plan will have to be trimmed to 
meet the new conditions. Main rea- 
sons for the difficulties are the rapidly 
growing demand for raw materials, 
which cannot be met; the lack of man- 
power reserves; the lagging of the 
building industry; and the chronic 
shortage of investment capital. end 


FULLY TRANSISTORIZED COM- 
PUTER is a desk-type data logging 
digital unit. Circuitry and layout is sim- 
ilar to the IBM 610. It contains 650 
transistors, 1500 diodes; is claimed to 
have an operational speed of 5 microsec 
for addition, 280 microsec for multipli- 
cation. Capacities of the separate mag- 
netic-drum memories are 63 words or 189 
read-in commands. 
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TWO 


1. Sturgis, Michigan 


In heart of metal working industry. 
Seven large truck line terminals. 
New York Central and 
Pennsylvania Railroads. 


@.. Haleyville, Alabama 


Convenient to Birmingham. 
On U.S. Highway 278. 
Southern and Illinois Central Railroads. 


STEEL TUBING 


Manufactured by 
electric welding to your 
needs, Sizes %” to 
3”0.D. 20 to 10 gauge. 
Round or square. 





TEMPLATE-TRUE 
TUBE FORMING 
TO YOUR 
SPECIFICATIONS 


Steel, copper, brass, bronze 

aluminum or stainless tubing 

fabricated to your specifications. 

Sizes %" to 6” OD, 20 to 10 gauge. 
Thirty-four years of experience in 
forming, welding, beading, bending, 
stamping of formed tubes. 

Top-flight engineering service. 

Write, wire or phone for booklet or quotation. 


Formed Tubes, Inc. 
1007 Prairie Street, Sturgis, Michigan 


Formed 
Tubes, INC. 


CIRCLE 72 ON READER SERVICE CARD 


Chemically Inert amass 
Dry Bearing Material 


Chemloy 719 is proving 
to be the most universal 
dry bearing material 
ever offered to industry: 


... because its ex- 
tremely low coefficient 
of friction invites use 
where lubrication is im- 
possible, impractical or undesirable. 


. . . because it may be used on both sliding and rotating 
applications over a wide temperature range. 


.. . because it is impervious to practically all known 
chemicals, solvents or corrosives. 


... because it is excellent under vibration or shock 
service conditions. 


. . . because it will not conduct electricity or cause gal- 
vanic corrosion. 


Chemloy 719 is available in all basic forms—such as 
sheet, rod or tubing—or in parts molded or machined 
to specifications. Get full details. 


*The best in Teflon based bearing materials. 


Request Bulletin T-120 and Price Sheet No. 126, or 
send b/p specs. for quotation on molded or machined 
parts. Crane Packing Company, 6445 Oakton St., 
Morton Grove, Ill. (Chicago Suburb). In Canada: 
Crane Packing Co., Ltd., Hamilton, Ontario. 


Teflon is a DuPont Trademark 
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CRANE PACKING COMPANY 
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NEW COMPONENTS 





Low speed servomotor .. . 
is a 22-cu in. hydraulic unit for appli- 
cations which require a control motor 
of extreme stiffness, high torque-to- 
inertia ratio, rapid response and wide 
speed range with ultra slow speed 
limits. Operates at a recommended 
max pressure of 500 psi with an effec- 
tive speed range under servo control 
of 1/60,000 to 500 rpm. Delivers 3.52 
in.-lb/psi torque at full capacity with 
98% efficiency and reverses 100 rpm 
rotation in 0.0015 sec and only 0.0006 
of a revolution after signal to reverse. 
Eight radial pistons drive motor 
through needle-bearing rollers acting 
en a two-lobed cam which encircles 
hollow central spindle. Pistons are al- 
ways under load, resulting in no back- 
lash even when motor is reversed at 
high speed. Can be connected di- 
rectly to leadscrew or driveshaft, elim- 
inating need for intermediate gearing. 
Measures approx 12 in. across x 6 in. 
thick and weighs 138 lb. Priced at 
$2000. Cimtrol Div, Cincinnati Mill- 
ing Machine Co, Cincinnati. 

Circle 300 on Reader Service Card 


Rotating cam limit switch . . . 

with | to 12 cam-operated switches, 
has sealed, permanently lubricated ball 
bearings that take thrust load of 100 


Ib and double-break | silver-to-silver 
contacts. Shaft can be connected to 
rotating element by direct coupling or 
driven by a gear train or roller chain. 
Each adjustable cam operates sep- 
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arate switch which can limit machine 
member or initiate operating function 
for any length of angular travel from 
18 to 360°. Max speed of shaft on 
limit switch is 75 rpm (for higher drive 
speeds, gear reducers with ratios from 
4:1 to 800:1 are available). Contacts 
have ac ratings of 15 amp at 115 v, 
10 amp at 220 v, 6 amp at 440 v, and 
dc ratings of 2 amp at 115 v, 0.5 amp 
at 230 v and 0.1 amp at 600 v. Only 
16 lb-in. torque are required to open 


single contact in either direction of | 


rotation. Available with either single 
or double-end shaft extension. Shaft 
assembly can be turned end for end. 
Clark Controller Co, 1146 E 152nd 
St, Cleveland 10. 

Circle 301 on Reader Service Card 
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Transducer .. . 

measures liquid level and converts it 
directly to electrical resistance. Uses 
frictionless magnetic coupling to trans- 
mit motion from level changes in ves- 
sel to contact wiper movement on 
potentiometer winding inside its hous- 
ing. Primary level change is sensed 
by range displacer suspended in liquid 
by means of Ni-span-C expansion 
spring. As liquid level rises or falls, 
effective weight of displacer changes, 
causing spring to extend. Magnetic- 
attraction ball is rigidly attached to 
displacer by stem and remains cen- 
tered inside non-magnetic pressure- 
tight tube as a result of downward- 
directed weight of displacer. Pivoted 
horseshoe magnet on outside of en- 
closing tube follows attraction ball 


| cording or control, etc. 
| Ine, 





and transmits movement to contact 
wiper. Available with various length 
displacers and adjustment to calibrate 
for liquid specific gravity variations 
of 0.7 to 1.1. Can be used with re- 
sistance-type reading instruments for 
remote level indications, alarm, re- 
Magnetrol 
5300 Belmont Rd, Downers 
Grove, Ill. 

Circle 302 on Reader Service Card 


ARMATURE 
BACK STOP 
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Heavy duty stepper switch .. . 

accommodates up to 10 banks of 25 
outlet contacts per bank. Can be sup- 
plied with wide range contact com- 
binations to give various bridging, non- 
bridging, 50 point and motoring ac- 
tions. Moving contact (or wiper) 
“steps around” and connects input 
terminal to each output terminal in 
sequence (only one at a time). Wipers 
are stepped around by a ratchet and 
pawl operated by main magnet. One 
closure of the armature moves wipers 
by one step, that is, by one tooth of 
the ratchet wheel. Continuous puls- 
ing of energizing magnet give con- 
tinuous stepping. Using own inter- 
ruptor contacts, stepper can step- 
around of its own accord at 60 to 
100 rpm, depending on number of 
banks. When driven by external cur- 
rent pulses, speed is a max of about 
50 rpm. In normal heavy duty use, 
wipers have life of 1 million half- 
revolutions (25 million steps), while 
other parts run for 100 million steps 
when given routine maintenance. Made 
of nickel silver, wiper handles cur- 
rents up to 1 amp. Interruptor con- 
tacts are tungsten and rated at 5 amp. 
Max operating voltage is 220 v dc; 
insulation resistance, 30,000 to 100,- 
000 megohm between contacts; capaci- 
tance between contacts, 2.5 to 4.5 
picofarads; and contact resistance 
when passing 50 milliamp, less than 
1 ohm. Besides conventional uses in 
automatic controls systems, digital 
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voltmeters, etc., British-made unit is 
expected to enter areas such as wash- 
ing machine control, vending machine 
circuits where traditional high prices 
have forced use of less rugged equip- 
ment. Stepper with five banks is priced 
at about $19.50 per 100. Delivery of 
sample quantities in 2 wk. Ellis & 
Frowd, Dept SR, PO Box 549, Times 
Square Station, New York 36. 

Circle 303 on Reader Service Card 


Square head cylinder .. . 
is rated to 2000 psi and available in 
bore sizes from 1% to 14 in. Incor- 
porates vee-type rod packing and a 
cylinder barrel of micro-honed steel 
tubing for hydraulic service. Also in- 
cludes high tensile steel piston rod, 
extra long cartridge-type rod bearing 
and rolled steel heads. Interchange- 
able with most cylinders of similar 
type. Ortman-Miller Machine Co, 
19 143rd St, Hammond, Ind. 

Circle 304 on Reader Service Card 


Alm VALVE 


20-gal. accumulator .. . 

is high-pressure, piston type unit with 
precision-honed bore, special process 
dynamic seals and “bleed-back” piston 
channel. Said to provide max pressure, 
min leakage and to require less fre- 
quent precharging or replacement of 
dynamic seals. Ring construction re- 
tains unit’s oil end cap, making dis- 
assembly of unit impossible without 
first discharging gas and oil pressure. 
Blow-out plug eliminates danger of 
excessive pressure buildup. Operates 








with commercial SAE hydraulic fluids 
in temperatures from —40 to 200 F. 
From stock. Greer Hydraulic Inc, 
5930 W Jefferson Blvd, Los Angeles 
16. 

Circle 305 on Reader Service Card 


Closed bore motor design . . . 

in rotor and stator components, allows 
small-diameter to long-length ratios at 
costs comparable to standard motors. 
Unlike conventional motors, two 
matching laminations are used in the 
stator. Main lamination (spider) is 
automatically wound and insulated on 
periphery, resulting in completely 
closed bore. Stator is completed by 
shrink fitting a laminated ring (yoke) 
over wound spider. Makes possible 
such characteristics as: small diameter 
5xs-in. OD stator developing 20 hp; 
or hysteresis synchronous motor oper- 
ating from transistor-equipped 25-v 
power source at 240 and 500 cycles, 
2-phase, with higher output for its 
1%4-in.-OD dia than conventional mo- 
tors. Also said to provide more re- 
liable epoxy encapsulation because 
material is confined within cell slots 
between two stator laminations, elim- 
inating distortion or leakage into bore. 
Closed bore components are available 
in all induction windings, in special 
sizes and ratings to meet application 
needs. Nine standard diameter com- 


ponents can be furnished from 1%- 
to 6%-in. stator OD in ratings from 


subfractional through 20 hp. Priced 
from $10 to $150 with delivery in 
30 to 45 days. EMD Components 
Inc, 1400 E 289th St, Wickliffe, 
Cleveland. 

Circle 306 on Reader Service Card 


Universal terminal block . . . 

accepts all common lead terminations 
—space, ring or fork lug, test probe, 
straight pin and wire wrap. Insertion 
of terminal lug is all that is required 
to make connection in top and side 
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entry unit. Lug snaps into place, pro- 
viding a positive electrical and me- 
chanical connection with a withdrawal 
pressure of 35 to 40 Ib. Tension can 
be varied with screw adjustment. Lugs 
can be placed end-to-end or side-by- 
side to provide any number of ter- 
minations in a relatively small area. 
Modular Electronics, 6211 S La Brea 
Ave, Los Angeles 56. 

Circle 307 on Reader Service Card 


Adjustable flow divider valve . . . 
a large capacity unit with lever-oper- 
ated flow control, simplifies control 
of hydraulic systems requiring a vari- 
able rate of fluid flow from one fixed 
displacement pump. Also facilitates 
attachment of tractors to implements 
having hydraulic systems of different 
capacities. Lever-controlled orifice 
can be adjusted to provide optimum 
rate of flow to meet specific conditions. 
Positively locked stops provide 10 
calibrated rates up to 60 gpm in addi- 
tion to shutoff position. Systems 
equipped with valve can be used with 
actuators of diverse sizes. Once de- 
sired flow rate has been set, valve 
maintains fully pressure-compensated 
flow and motor speed is maintained 
regardless of load or pressure de- 
mands. Unit also does double duty. 
Fluid in excess of amount delivered 
to priority port can be used to operate 
another completely independent sys- 
tem at high or lower pressure with no 
effect on controlled system. Handles 
all standard mineral type hydraulic 
fluids at temperatures to 250 F. Lim- 
ited quantities from stock. Fawick 
Corp, Hydraulic Electronic Div, 9919 
Clinton Rd, Cleveland 11. 
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Miniature pneumatic timer . . . 
measuring 12 in. sq and weighing 
less than | oz, can be used as a com- 
bination limit switch and time delay 
“limit switch.” Built for 5 million ac- 
tuations and adjustable from 0.2 to 
15 sec. Replaceable switch is rated 
continued, page 114 
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at 10 amp. Said to operate with re- 
peat accuracy of +10% in temper- 
atures of 32 to 120 F. Basically a 
flush mounted component but is sup- 
plied with own universal mounting 
bracket for mounting any place in any 
position. Hagen Mfg Co, 104 Walnut 
St, Baraboo, Wis. 
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When the Job Calls for Bellows, 


Assemblies C 


Flat conductor cable connector .. . 
is molded of Zytel 101 nylon resin 
and interconnects flat conductor cable 
or hooks up flat cable to conventional 
cable by means of a round wire adap- 
ter. Material is said to balance high 
dielectric strength and abrasion re- 
are “a , : sistance of Mylar polyester film cable 
Eliminate costly, tedious assembling insulation. Accepts dye after mold- 
of components—and necessary ing for color-coded applications. 
in-plant testing—by specifying Thomas & Betts Co, Elizabeth NJ. 
complete Robertshaw assemblies. 
One-source manufacturing 
responsibility, more economical 
purchasing ...and every assembly 
is pilot-tested before it 


leaves the plant! 
For suggestions on how bellows assemblies could fit . } 
into your product picture—write for Catalog EA-R { 


Load cell... 


® 
Robertshaw-Fulton Controls Company is actuated by deflections as small as 


= 0.001 to 0.005 in. and can be custom 
FULTON SYLPHON DIVISION supplied to respond to even smaller 
Knoxville 1, Tennessee deflections. Four-in. high unit is self- 
contained, requiring no electrical ex- 
citation or auxiliary instrumentation. 
Deflections, acting on a special sensor 
unit (not a piezo crystal), generate an 
electric impulse which triggers a plug- 
in relay controller. Available in 16 
standard models with capacities from 
500-1000 to 75,000-500,000 Ib of 
force. Can sustain overloads up to 
four times rated capacity, and 1s ac- 
curate to within 3% of max rating. 
Repeatability is within 1%. Life rat- 
ing of cell unit is 25 million cycles; of 
plug-in relay, 5 million cycles. Suit- 
able for controlling or detecting com- 
pression or tension in a production 
setting. Not recommended, however, 
for readout in a laboratory situation 


Engineered to your design 
requirements, Sylphon® 

bellows assemblies by Robertshaw 
save you time and headaches... 
and reduce production costs! 
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Price of complete unit, including cell 


continued, page 117 
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NEW SIZE RANGE SURPRISE! 


HERE’S A NEW PROCESS in centrifugally spun tub- 
ing that offers you greater freedom in design. It’s 
ACIPCO CERAM-SPUN®...the new ceramic mold 
process* that is not limited by equipment sizes! 


NOW, YOU CAN ORDER almost any combination of 
sizes you require. ACIPCO CERAM-SPUN® tubes of- 
fer O.D.’s from 2.25” to 50”; and wall thicknesses 
from .25” to 8”. As-cast lengths are furnished from 
4 feet to 20 feet, longer lengths are made by welding. 


THINK OF HOW MUCH this process can save you! 
You'll avoid the cost of unnecessary metal waste, and 


ACIPCO CERAM-SPUN | 


STEEL TUBING 


excessive machining charges. And ACIPCO’s com- 
plete “under one roof” operations — including heat 
treating, machining and welding — offer many addi- 
tional economies. No need for the delays and ex- 
cessive costs that often result in buying from mul- 
tiple sources. 


If you design, manufacture or use tubular component 
parts, it will certainly pay you to investigate the 
versatility of ACIPCO CERAM-SPUN® tubing and the 
flexibility of ACIPCO’s integrated facilities. Contact 
ACIPCO STEEL PRODUCTS, Division of American 
Cast Iron Pipe Company, Birmingham 2, Alabama. 


*Patent applied for 





NEW BLU-RAY Whiteprinter 
offers 50% MORE SPEED! 


MAKES CLEAR DIAZO PRINTS IN 


ad he _ || SECONDS FOR PENNIES! 


(iit rf ca Sat Copies anything printed, typed, drawn or written on 
any translucent material. Just slide Tracing and Diazo 


MOTOR _P PROTECTORS sae Sepia root 


All Prices 
Eastern List 


UL & CSA Approved 


3 Lamps for faster operation. No warm-up. Speed control for exact 
exposure. 3 Models: 14”, 27”, 42” print width capacities: any 
length. Portable. 


Thousands of Guaranteed BLU-RAYS in use not because they're the 
cheapest, but because they’re the best, most reliable dollar value. 
Get a demonstration and see for yourself. 

AVAILABLE ON LOW COST MONTHLY LEASE PLAN 


NOW BLU-RAY OFFERS 2 DIAZO DEVELOPERS 
1, NEW FLUTED] 2.NEW CONTINUOUS ROTARY DRY 


T N " SEE-THRU | DEVELOPER FOR FASTER aap, 
s A D A R D D E S G N s AMMONIA For use with 


DEVELOPER BLU-RAY and other 


Rotary Diazo 


TUBE. Whiteprinters. 
S FROM $1 Y.55 | 3 Models from $] 29.50 
SEND FOR LITERATURE OR DEMONSTRATION IN YOUR OFFICE 


BLU-RAY).,R.E.C. se'vestoroor nose. tsser, Comectien 
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UNIFORM QUALITY 


molded by 
SINKO 


a = “ INTRICATELY FLUTED and 


LARA A Automatically FINISHED TO PERFECTION 


Many thousands of these and other parts are being 
fabricated daily here at Sinko for one of America’s leading 
manufacturers of major electrical appliances. 

And the reason we continue to enjoy their business is 
because our many years of experience and know-how, and 
our excellent production facilities, enable us to deliver 
perfect moldings always . . . at low cost and with dispatch. 


We mold all Thermoplastics—from 2 to 175 oz. 


Write TODAY for illustrated Brochure! 


MECHANICAL INDUSTRIES SZ MANUFACTURING and TOOL 
PRODUCTION CO. , 


219 ASH STREET ° AKRON 8, OHIO 
SOUTHERN PLANT: DANIA, FLORIDA | Offices in Principal Cities Throughout the United States 


HIC ACN 
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and relay controller, is from $450 to 


$750 depending upon range. Force ESSENTIAL TO NUMERICAL CONTROL 


Controls Co, 424 W Eight Mile Rd, 
Ferndale, Mich. 
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CLUTCHES BRAKES 


Edge-reading meters . . . 

have no projections on their casings, 
allowing them to be stacked one on 
top of another. Dial face forms largest 
cross section area. Available models 
include: a miniature null-type zero 
center tuning indicator that also can 
be used as a max deflection meter and 
a meter that reads (both ac and dc) 
various ranges from 1 milliamp to 100 
amp with accuracies of 3 to 5%. For- 
mer has single floating coil type move- 
ment and standard nulling ranges from 
500-0-500 microamp to 3-0-3 milli- 
amp. Max length is 1% in. and max 
height, ;®, in. Used as a voltmeter, 
latter model’s ranges vary from 50 ‘3 SERIES 
milliv to 300 v. Its max width is 
14% in. and max height, %4 in. Electro- 
Mechanical Instrument Co, 8th & 
Chestnut Sts, Perkasie, Penna. 
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FAST ACTING 


POSITIVE 
ENGAGEMENT 
and RELEASE 


REMOTE 
CONTROL 


COMPACT 
. DESIGN 
Fhp gear motors, boxes eee onus aneustees 
are available with right angle reduction NO TROUBLESOME 
gears. Single, double, and triple re- Wittittcs 
ductions can be made. Ratios range 
from approx 4:1 to over 100,000:1. 
Gear sets are said to have more teeth 
in contact than ordinary gears. De- 
pending on requirements, permanently 
sealed, conventionally closed or skele- 
ton units can be furnished for each ap- 


continued, page 120 
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fe f RELIABILITY and ECONOMY 


ALL SEALS 
“SEAL WITH 
PRESSURE" 


AIR CYLINDERS 


Here are eight more reasons why Miller Air Cylinders con- 
tinue to be the most economical and reliable cylinders that 
money can buy. These stellar features—including the new 
port seals—are standard Miller construction—yours at no 
extra cost. Thus, they provide appreciable savings in 
original investment—particularly for those who insist on 
“J. I. C.” quality throughout. Savings in operating costs are 
Now—with every even greater, because these features are proven assurance of 
Miller Cylinder— longer cylinder life, greater efficiency, reduced maintenance 


Teflon-sealed Port mtime 

Seals that ‘‘Seal with and downtime. 

pressure” are pro- Specify ‘Miller for greater reliability and economy! Write 
vided as standard at for bulletin 

no extra cost. They ‘ 

permit much faster 

positioning of lines 


cea = =: MILLER FLUID POWER 


all operating media. —_ 
7NO18 York Road, Bensenville, Illinois 
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CLEARPRINT PAPER CO. PE-1560 
1482 - 67th St., Emeryville, Calif. 


(]) Send me Clearprint Fade-Out samples, with prices, for the 


following uses: __ 
Name 

Firm 

Address 


City__ Zone State 


s 
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LET MUELLER 
MAKE IT! 


Mueller Brass Co. of Port Huron is 
much more diversified than the name 
. a lot more. In 


’ 


“Brass” implies . . 
fact, because of its many and varied | 
facilities . . . its men, methods and 
metals ... Mueller is in the unique 
position of being able to offer true 


single source service. 


MUELLER HAS THE MEN... experi- 
enced engineers with the ability to 
work out, creatively, tough design 
problems, and improve a part or 
components for production by the 
most economical method. You get 
sound engineering plus 44 years of 
practical metalworking production 
experience when you “Let Mueller 
Make It.” 


MUELLER HAS THE METHODS... 
when you “Let Mueller Make It”, 
you are utilizing one single source 
that is able to produce parts any one 
of these ways: as forgings, impact ex- 
trusions, sintered metal parts, screw 
machine products, formed tube or 
as Castings. 


MUELLER HAS THE METALS... and 


the materials . to produce pre- 
parts in 
bronze, copper, iron, and steel in 


cision aluminum, brass, 
hundreds of different alloys to meet 


each exact requirement. 


In addition, Mueller Brass Co. has 
complete and modern facilities for 
performing all types of finishing and 
sub-assembly operations. Another 
plus value is nation-wide sales engi- 
neering service. 


So, in the final analysis, no matter 
where you fit in the American indus- 
trial picture, whether you're making 
missiles or mowers ...and no matter 
where you're located, it will pay you 
to LET MUELLER MAKE IT! 


MUELLER BRASS Co. 


PORT HURON 29, MICHIGAN 
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plication. Said to be priced below cur- 
rent prices of comparable gear motors 
and gear boxes. Spiroid Div, Illinois 
Tool Works Inc, 2501 N Keeler Ave, 
Chicago. 
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Stainless steel air cylinders . . . 
are single acting, spring return units 
available in 1'%2-in. bore size up to 
3-in. stroke lengths. Stainless steel 
body and U-cup mounted in aluminum 
alloy piston are said to prolong cyl- 
inder life. A 34-16 hex nut is pro- 
vided with each for front nose mount- 
ing. From stock. Bimba Mfg Co, 101 
Main St, Monee, IIl. 
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Precision solenoid . . . 
is a push type unit with a spring force 
of 3 lb at 0.4-in. stroke and 7.5 Ib 
at O stroke. Packaged in a 12 in. 
dia x 2% in. long synchro case which 
mounts in a 1.375-in. dia pilot hole 
and is suitable for accurate positioning 
of rotating members by acting on a 
cylindrical cam secured to rotating 
member. Anti-rotational plunger is re- 
strained to +5° max rotation. Pull in 
coil takes 2.7 amp at 26 v, 75 F and 
holding coil takes 0.125 amp at 26 v, 
75 F. Operates at 10-g acceleration 
from —104 to 161 F at any voltage 
from 25 to 28 v de. Priced at $74, 
with delivery in 3 to 4 wk. AR&DA, 
135 Main St, Belleville 9, NJ. 
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Flange rod seal . . . 

has an annular step at ID of bushing 
that acts as key to lock base and heel 
of seal in proper relation to rod. Base 
of seal is said to be so securely locked 
in position that it becomes an effective 
bushing seal, eliminating need of a 


continued, page 128 
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HOWARD 


unit bearing 
motors for 


rAN 


applications 


5 Year Guarantee 


HOWARD 
MODEL 
1085 


H.P. MOTOR 


Available with Open or Closed Construction 
MOUNTING: From rear or by special pads on front. 
BEARING: Single, long-life, permanently lubricated. 


STATOR: Vacuum varnish impregnated coil on molded 
nylon bobbin. 


ROTOR: Dynamically balanced for ultra-quiet opera 
tion. 


ROTATION: Unidirectional (CW or CCW as specified). 


SHAFT-HUB: Assures positive and accurate location of 
connecting part (fan) which must run concentric. Can 
also be furnished with shaft extension from hub. 


WP: 1/750 te 1/185 INPUT WATTS: 8-30 
WO LOAD RPM: 3400 © VOLTS: 

FULL LOAD RPM:* 115 ¥. 60 cy. AC std 
2600-3200 


*Lower full lead speeds alse available. 
Send us your specifications or write fer complete catalog. 


POWs REP wii 


HOWARD 


HOWARD INDUSTRIES. INC. 


1750 State St., Racine, Wisconsin 
Divs.: Electric Motor Corp.. Cyclohm Motor Corp., 
Loyd Scruggs Co., Racine Electric Products 
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MUELLER CAN MAKE MOST ANYTHING IN 
IMPACT EXTRUSIONS... 


We don’t really make locomotives, but the 18 

different Cold-Prest impact extrusions represented 

in the model were cold forged to exacting tolerances from 
a number of aluminum, copper, brass, and steel alloys. 


These parts are employed in products ranging from door 

closers to missiles. Mueller has also made important advances 

in the production of copper impact extrusions that are especially 
adaptable to electronic applications. Cold forgings are precision 
produced to exacting tolerances and offer the additional advantage 
of a better finish and appreciable metal savings 


Mueller’s flexible facilities for the production of Cold-Prest Impact extrusions 

make practical long or short runs of simple or relatively complex shapes on an 
economical basis. In addition, the entire Mueller engineering staff, excellent machining, 
finishing and assembly facilities are readily available to you when you .. . 


LET MUELLER MAKE IT! 


Write today for Engineering 
MUELLER BRASS CO iene ios 
2 


PORT HURON 29, MICHIGAN 
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Dura Seal 
Type PTO 
Balanced Seal. 
Location of 
Kennametal* 
Seal Ring 
indicated 

by arrow. 


It’s tough to seal ethylene . . . but 
it can be done with KENNAMETAL 


Single mechanical seals for ethylene and other light hydrocarbons must 
operate for several minutes at a time in vapor, without benefit of liquid 
lubrication. The seal and mating faces must therefore be able to operate 
virtually dry during these periods, at pressures up to 600 p.s.i., without 
damage to the seal faces. 

For this difficult sealing job, Durametallic Corporation has found 
Kennametal Seal Rings superior to either cast alloy or ceramic rings. 
Kennametal rings can operate successfully with a minimum of lubri- 
cation. Kennametal stands the additional loading imposed by these 
adverse conditions. provides stability under high temperatures, and 
resists thermal shock. 

On one ethylene pumping application, several ‘‘Dura Seals” with 
Kennametal rings have been operating for well over a year. Customer 
satisfaction has led to the purchase of additional seals for similar use. 

To seal gases, exotic fuels, fluids, slurries, acids, basic solutions, 
synthetic and petroleum base fuels, organic solvents, butyl extracts... 
Specify Kennametal for exceptionally good dimensional stability, for 
successful sealing of a great variety of media, for strength without 
great mass, for corrosion and wear resistance, and for high temperature 
applications. 

Send for these booklets: B-111-B—‘‘Properties of Kennametal’’ and 
8-666—‘‘Proven Uses of Kennametal and Kentanium.*” Write Dept. 
PE, KENNAMETAL Inc., Latrobe, Pennsylvania. 

Note: Kennametal Inc. makes seal rings used by leading manufac- 
turers of seals. 


*Kennametal is the registered trademark of a series of hard carbide alloys of tungsten, tungsten-titanium 
and tantalum. Kentanium is the registered trademark for one of the series that has special advantages 
for applications requiring a lighter weight material and/or exceptional stability at temperature extremes. 


INDUSTRY AND 33549 


<t> KENNAMETAL 


Pitners in Progress 
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breakthrough 


in electric motor 
engineering 


CLOSED-BORE 
DESIGN 


EMD pioneered the practical develop- 
ment of the CLOSED-BORE design 
over the past 15 years, and now pro- 
vides induction motors with the follow- 
ing advantages: 


@ High-performance specials, particularly hys- 
teresis and torque types, precisely fitted to 
your application. 


@ Costs comparable to standard motors be- 
cause of high-speed, automatic machine 
winding and insulation insertion. 


Smaller diameters for a given output, such 
as 20 h.p. in a 5-1/16” O.D. stator. 


More reliable epoxy encapsulation because 
CLOSED-BORE design eliminates possibility 
of distortion or leakage of material into bore. 


Increased possibility of modifications to util- 
ize sealed liners, air bearings, and similar 
special operating designs. 


EMD can furnish stator/rotor com- 
ponents, or specialized motors to your 
requirements. These are available in 
custom sizes and ratings, or can be 
selected from existing standardized 
diameters from 1%,” to 64%” stator 
O.D., in ratings from sub-fractional 
thru 20 h.p., in all induction windings, 
including hysteresis and torque. 
IMlustration above is unretouched photograph of 


actual stator cross-section showing extremely com- 
pact construction of EMD CLOSED-BORE design. 


Write or phone for additional data. 


Patents & Patents Pending 





EMD 














1430 EAST 289th ST., WICKLIFFE, CLEVELAND, 0. 
PHONE: WH. 3-2424 
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Your turn 


...to participate in the current problems of our profession. 


Thank Newton for the simplifiers. They delight in the elegant application 
of otherwise impossible theory and translate the visions of dreamers into usable 
form. That is why this method of finding shear, bending and twisting moments 
in solid circular rings is coming to you third-hand. Robert I. Isakower, chief, digital 
computing unit, Picatinny Arsenal, Dover, N J, has taken the Theorem of Biezeno 
which is based on the more general Theorem of Castigliano, and plotted part of 
it on curves. The three equations have been boiled down to: 


S, = fy P. M2 = fo RP, Miz = fs RP. 


Symbols 


Reactions at supports, Ib 
Location factors 

Loads, |b 

Bending moment, in.-lb 

= Twisting moment, in.-lb 

Forces normal to ring—both loads 
and reactions, lb 

Mean radius of ring, in. 

Shear, Ib 

Angular location of P, measured 
counterclockwise from place where 
shear and moments are being 
found, deg 


Oo 
mo 





io) 





$ 
5 
= 
& 








60 120 180 240 300 360 
Position angle 6, deg. 
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YOUR TURN continued 





The equations are limited to cases where 
loads are perpendicular to the plane of 
the ring and the supports are statically 
determinate. This limitation, however, by 
no means results in only a narrow field 
of use for this method. 

Many real-life situations meet these 
conditions among positioning and hoist 
tracks, support skirts, gyroscope gimbals, 
foundations for storage tanks and also 
many others. 

Take a positioning track supporting an 18-ft long 12WF120 beam as an example. 
It has a 14-ft radius and four equally spaced supports. Find shear and bending 
and twisting moments at F,. 

Solution: Each of the two loads is 120 lb/ft x 18 ft x % = 1080 Ib. Each 
reaction at the supports is 2160/4 = 540. Read location factors from the curves 
and sum up in table. Loads are positive; reactions are negative. 








S.=f,P. M,..=fRP.M..=fRP. 





0 0 

— 1890 — 1890 

3983 9677 

0 —7560 

5670 — 5670 

945 — 9306 3898 





540 — 1543 — 1545 























Answers are: §, = 540 lb; M.. = —1543 in.-lb; M:. = 1545 in.-lb. 


Last issue, our math instructor, Robert P. Benedict, development engineer at 
Westinghouse, reviewed first-order equations. Now we are ready to tackle second- 
and higher-order equations. He describes two types: those with constant coefficients 
and those with variable coefficients. Both are homogeneous and linear. Now iet’s 
hear Benedict tell how to solve them: 

The general form of a linear, n** order, homogeneous, differential equation with 
constant coefficients is 


a*y ae - 
oe +o tt any = 0 
Because the general solution of any differential equation must contain as many 
arbitrary constants as the order of the equation, there will be m particular solu- 


tions to this equation. That is: 


yr ntawt'+y 
where each y in the solution represents a constant times a function of x. 
I have found that it is always best to try first for a solution of the form y = e™. 
If this is the form of the solution, we can substitute this solution and its differentials 
(G’ = me™, y” = m*e™, . . .) back into the general equation to give an auxiliary 
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equation with a form that is much simpler than the general form. 

(a, m™ + a; m™* + °**+a,)e"™* = 0 
This equation contains no differentials and can be solved algebraically. Because 
e™ = 0 is a trivial solution, the values of the various m’s are found by solving 
the expression in parenthesis. Thus, the general solution for a linear, nm order, 
homogeneous differential equation with constant coefficients is 

y= ae +oq,6 +°°* +c, 6" 

But suppose two m’s are identical. Then the particular solutions are no longer 
independent because two terms can be combined with a resulting loss of one of the 
required constants. In such cases, always use y = e™ for one of the solutions 
and y = xe™ for the other. If there are more than two repeated values of m, 
progressively use y = x* e™, y = x* e™, and so on. 


Example: The equation 

yy" —4y"+5y —2y=0 
is in the form of the general equation for a linear, n™ order, homogeneous, differ- 
ential equation. Choosing at once y = e™ as a particular solution, the auxiliary 
equation becomes 

(m*? — 4 m* + 5m — 2) e™ = 0 

Neglecting the trivial solution, this factors to 

(m — 1) (mM? —3m+2) =0 
and thus m, = 1, mz = 1, mg = 2. Note the two repeated roots. The general 
solution is 

y=cae +azre* + ce 

Now let’s see what happens if our n order, homogeneous equation has variable 

coefficients. In this case, the general form would be 

i. (e) 4 +h @) T+: -f@y=0 

As before, there will be n particular solutions. But because of the variable 
coefficients, the equation cannot be reduced to a general solution. There is, in 
fact, no general method available for solving linear equations with variable 
coefficients when the order is greater than one. (A method is available if the equa- 
tion is in the form of the special Euler-Cauchy equation. We will discuss this 
special case in a subsequent lesson in this series.) 

A trial-and-error method is the usual approach. A good place to start is with 
the method of frobenius, in which you assume a series solution of the form 
y = X (ag + ax +... -+ a,x"). Or you might try a Maclaurin series solution of 
the form y = a, + ax+...+ a, x". 

Whichever you choose, you must test the result to assure that each of the n 
particular solutions are linearly independent. One method for determining whether 
particular solutions are linearly independent is to examine the Wronskian deter- 
minate based on the particular solutions. It is made up of the individual solutions 
and the differentials of each and is arranged like this. 


" ya, **e Yn | 


wn’ ye see Yn’ 


al yi ee wa 
Whenever the Wronskian does not equal zero, the particular solutions are linearly 
independent, and therefore acceptable. 


Example: The equation 
P ni Be? ale 
i -2e +2077 


is already in the form of the general equation, where f,(x) = 1, fi;(x) — —2/x, 
feo(x) = 2/x*, and n = 2. Assuming a Maclaurin series solution of the form, 
y = a,x + aox*, the differentials become Y = a; + 2a2x, and y’ = 2az. Substituting 
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these values back in the original equation, gives the equation 


‘ 9 
2 a, 2a 
—4a + - + 2a. 0 
E 


which, because the left side reduces to zero for all values of a, and dy, indicates 
that the assumed solution checks. Choosing the simplest combination of values 
for these coefficients (a, = 0, a, = 1, and a, = 1, az = 0), the two particula: 
solutions are y, = x? and y, = x. But these must be proven linearly independent. 
By inspection, the Wronskian determinate is 
- sf 
=7?—227° #0 
Bs I 
Therefore, the general solution is 
y= 27% +€227 
Now you try 
Here are three, linear, n‘ order, homogeneous differential equations that can 
be solved by the methods given above. The answers are on page 161. 
1. y" Kon y = 0 
2 yy” -—3y’+3y —y=0 
3. vy’ +ry—-y=0 


Now let’s leave the higher mathematical altitudes to tangle with some more 
practical challenges. Here’s the way Bob Marie of Hagerstown, Ind, describes a 
recent experience: 

“Last week I bought a gallon of paint and had them mix it on the paint vibrator 
for about 5 min before taking it home. When I opened it, the stuff still had nearly 
an inch of unmixed goop on the bottom that the paint vibrator hadn’t touched. 

“Why don’t they invent a better paint mixer, I thought. Vibrators don’t provide 
enough mechanical stirring to intermix heavy, viscous fluids. Aerosol spray cans 
include a small steel ball that rattles around and breaks the syrupy paint loose, so 
why not something of that sort for large cans. How about putting one or more 
steel balls in the can and driving them with a specially wound ac field coil? The 
rotating fields would whirl the balls within the sealed can, providing the necessary 
mixing action. Strong fields would probably penetrate the thin sheet-iron cans, 
but possibly the shift to aluminum packaging might provide an aluminum or 
aluminized paper carton which would pass the rotating magnetic fields more easily.” 


Sometimes an idea is born because one man happens to see something a little 
differently than most of us. Consider this example: In our article on unconventional 
power sources (July 10 61, p 57), our artist depicted a source of pulsating heat 
(to operate a thermomagnetic generator) 
by showing a candle and a moving sbut- 
ter. Nick Hallbrook of Van Buren, Ind 
took us literally and noted that the 
shutter was cycling between hot and 
cold the same as the power generator 
(except 180° out of phase) and all of / Ff vitreous enamel 
this was wasting a lot of heat. He sug- ‘ coating 
gests that an Austin-effect generator (also “Heat source 
described in the article) be used as a aoe 
shutter, thereby turning this waste heat into useful power. Combining the output 
from the Austin-effect device and the thermomagnetic device would give a nearly 
steady output to the load, he observes. 
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This is an actual photograph of “Mylar” undergoing dielectric strength test (per ASTM-D-149). 


MYLAR’ has a dielectric strength of 4,000 volts per mil 


Can the unique combination of properties found in ‘Mylar’ 
help you solve your design problems? 


“‘Mylar’’* polyester film is a tough, flexi- 
ble engineering material. In addition to 
its outstanding dielectric strength, 
“‘Mylar’’ has an average tensile strength 
of 20,000 psi, withstands temperature ex- 
tremes (-60° to 150°C.) ... resists most 
chemicals and moisture. 

On an area basis, tough, thin ““Mylar’’ 
often costs /ess than heavier, conventional 
materials. “‘Mylar’’ can be laminated, 
embossed and metalized, punched or 


coated. The film won’t embrittle with 
age. ‘“‘Mylar’’ is available in roll or sheet 
form in a wide range of gauges. 

Find out how the combination of prop- 
erties in ‘“‘Mylar’’ can help you solve 
knotty design problems, improve product 
performance or cut costs. Write for our 
booklet containing detailed information 
on properties and applications. E. I. 
du Pont de Nemours & Co. (Inc.), Film 
Dept., Room P-9, Wilmington 98, Del. 


***Mylar’’ is Du Pont’s registered trademark for its brand af potyester film. 


DU PONT 


MYLAR 


POLYESTER FILM 


High dielectric strength helps cut capacitor size. 
Tough, thin “Mylar” with a dielectrie 
strength of 4,000 volts per mil for 1 mil film 
(per ASTM-D-149) permits capacitor man- 
ufacturers to reduce size of finished unit . . . 
improve performance and reliability. 


REG. U. 5. Pat. OFF 
BETTER THINGS FOR BETTER LIVING 
.. THROUGH CHEMISTRY 
CIRCLE 127 ON READER SERVICE CARD 
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BP ti rer PION, = 


bed * 
etolerances 
‘soundness 
‘intricacy 


Believed Impossible 


WAUKE-SHA CASTINGS 


Before now .. . it was thought impossible to cast alloys to di- 
mensional tolerances of +-.005, without expensive machining. 


Exclusive Wauke-Sha ceramic molds prevent voids, even 
with light and heavy adjacent sections, reproduce hairline 
intricacies without porosity or surface blemish. Only this 
patented Wauke-Sha process assures: 


@ intricate ports with no costly machining 
© hairline reproduction of detail 

@ no cracking or tearing 

@ no porosity, internal voids, cracks 

@ no surface gas holes, blemishes, inclusions 


Wauke-Sha castings make possible full design flexibility 
without limitation on casting size. Every day ... Wauke-Sha 
castings are meeting the severe conditions in the nuclear 
field, where “soundness” is imperative. 


WAUKESHA FOUNDRY CO. 


Dept. F-2., Waukesha, Wis. 
Manufacturers of corrosion-resistant castings. 
inclusive of non-galling alloys, Stainless 
Steel, Waukesha Metal, Monel, Pure Nickel, 


FOU y AL EL SA Inconel, Ni-Resist, plus special Nickel- 
Chromium Alloys for specific applications 
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separate rod bushing seal and pressure 
balancing screen. On hydraulic cyl- 
inders (except water hydraulic cylin- 
ders) seal is Teflon for service with all 
hydraulic fluids including special and 
fire-resistant types. On air and water 
hydraulic cylinders, seal is synthetic 
rubber. Miller Fluid Power Div, 
Flick-Reedy Corp, 7NO15 York Rd, 
Bensenville, Ill. 

Circle 316 on Reader Service Card 


Self-anchoring threaded insert .. . 
for thin sheet metal, has angular knuri 
which prevents loosening or turning of 
insert in its hole. Screw tension ap- 
plied to insert pulls angular knurl more 
firmly against gripping surface of hole. 
Thus, higher the torque applied by a 
screwdriver, tighter the insert’s grip. 
Installed by pressing into a single hole 
in sheet metal as thin as 20 gage. Made 
of case hardened steel and available 
in eight thread sizes from 4-40 to 
14-28. Southco Div, South Chester 
Corp, Lester, Penna. 

Circle 317 on Reader Service Card 


Bleeder valve .. . 
is rated for system pressures to 3500 
psi, pressure of 7000 psi and burst 
pressure of 14,000 psi. The zero-leak- 
age (internal and external) stainless 
steel unit bleeds, samples or purges 
high-pressure hydraulic systems while 
in operation. Measuring 1’! in. wide 
(including discharge nozzle) and with a 
%-in. thick body, valve stands 1% in. 
above its mounting surface when in- 
stalled. A knurled bleeder screw per- 
continued, page 130 
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Logansport Machine Co., Inc. * 





This chuck was returned for refurbishing after 
20 years of service! 

Actually, this is not an out-of-the-ordinary 
service record for Logan chucks, because they 
are built throughout with extra factors of strength 
and durability to resist deflection, misalignment 
and wear—and to deliver accurate, dependable 
and efficient service year after year on any type 
of operation. 


+120 YEARS 
LATERI* 


If you would like more information about 
these rugged, long-lasting air and hydraulic 
chucks, or any of Logan’s other products, just 
fill out the coupon below. 


*Customer’s name furnished upon request. 


[LEON C94 Vp X/ 


AIR AND HYDRAULIC OPERATED MACHINES 


Check the items you want, fill in your name and address, tear out and mail to: 


_100-1 AIR CYLINDERS 


100-2 MILL-TYPE AIR CYLS. 
0-3 AIR-DRAULIC CYLS 


) SQUARE CYLS 
RAMATION CYLS 
JB-PLATE AIR VALVE 


720 Center Avenue, Logansport, Indiana 


Ple ase sen j copy nt catal q 
NAME 
TITLE 


COMPANY 








CALCULATOR ADDRESS 


— 300-1 CHUCKS ‘ 
— FACTS OF LIFE 


——300-2 PRESSES 
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PA Lennie, 7% mits manual control of discharge. 
QUALITY Swivel mounting allows 360° position- 





ing of discharge nozzle. Unit weighs 
2.2 oz and is furnished with a 1% in.- 
20 UNF-3A_ threaded connection. 
Fluid Regulators Corp, 313 Gillette 


with PARCO=MATIC oi rccrseet nce see cn 


VOLUME FLASHLESS MOLDING 








225,000 

PARTS PER DAY 

O-Rings, lip’ seals, 
ake assembly 

bumpers, etc. 





170,000 PARTS PER DAY 
ca Angle counters . . . 
provide continuous display from 0 to 
359.9° for same direction of shaft ro- 
tation, returning then to 0°; or 0 
50,000 TO 80,000 through 359°. Equipped with Geneva 
PARTS PER DAY drives, counters can be supplied with 
jeter ae torque levels down to 0.1 in.-oz and 
Samsedaeiane speeds up to 2500 rpm. Counter parts 
<a are stainless steel; housings, die-cast 
; aluminum. Operate in temperature 
range of —85 to 194 F and meet MIL 
requirements regarding shock, vibra- 
tion and case size. Kearfoot Div, 


Ge I] Precision Inc, 1150 McBrid 
ELECTRONICALLY PROGRAMMED Cenem pesohen boo, $809 SORES 


VOLUME FLASH LESS MOLDI NG Circle 319 on Reader Service Card 
.»» Quality for Pennies 
Right angle valve .. . 


Developed, patented, tested and performance proven by suitable for use as low pressure relief 
literally millions of parts weekly...Parco’s flashless mold- or check valve, allows flow in one di- 
ing process can produce more elastomeric parts faster, rection and provides positive stoppage 


: in other. Has internal tamperproof 
cheaper and with closer tolerances than any other meth- cracking adjustment. Guided poppet 


od known. Ultrasonic cleaning provides scientifically incorporates a non-extrudable soft seal 
clean molds in a fraction of the time required for dry | which reportedly cannot be washed out 
° ° ° i _ ¢ i i iy. 

abrasive hand methods... resulting in reduced down by fluid stream. Available in 4- to 
1%4-in. sizes, with cracking pressures 
time - unmatched quality. of 5 to 150 psi and operating pressure 

ranges to 5000 psi. Manatrol Corp, 

PARCO ENGINEERS AND DESIGN LIBRARY... 2372 W 7th St, Cleveland 13. 


provide a unique source of engineering knowl- Circle 320 on Reader Service Card 
edge for problem areas you may be investi- 

gating. Check with Parco first! Parco may have 

the solution. 








Y%-in. valve... 

has square body which permits actu- 
: ; "7 >, . “ii . . 
Send for your Latest Parco Slide ator arm to be mounted in any one of 
Rule jeaturing groove dimension f 90° ve ‘ Bas f high 
tables and conversions for AN and — positions. uae © wind 
MS numbers. strength aluminum casting alloy comes 

in bottom and side mounting styles to 


hold valve bodies perpendicular or 


PLASTIC AND RUBBER PRODUCTS COMPANY parallel to mounting surfaces. Seven 


2100 Hyde Park Bivd., Los Angeles 47, California + AX 5-4331 models are available for either 2- or 
3-way operation. Manually-operated 


continued, page 132 
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Linde<@News 


LINDE COMPANY, DIVISION OF UNION CARBIDE CORPORATION 





Polish semiconductors scratch-free 
with 99.98% pure alumina powders 


Photo at left: A typical as lapped silicon wafer, showing edge chip, prior to 
finishing. (Magnified 42X). Right: Complete polishing with LINDE alumina 
abrasives leaves edge of silicon and wafer scratch-free. (Magnified 144X). 


The surfaces of the semiconducting wa- 
fers used in the new high-speed mesa 
switching transistors and planar diodes 
must have a superior surface finish, flat- 
ness, and parallelism—prior to final etch- 
ing and diffusion. This effect is now 
being achieved in full production with 
high-purity alumina abrasives produced 
by LINDE. 


Three particle sizes 
Three basic particle size ranges of alu- 
minum oxide powders suitable for pol- 
ishing silicon and germanium wafers 
are available for this application, as well 
as many others. The difference in size 
and hardness, as listed below, give these 

99.98% pure powders their individual 

properties. 

TYPE 0.3A 
Al2Os 
(Alpha) 

Hex. 





TYPE 0.05B TYPE 1.0C 
Al2Os3 Al2O3 
(Gamma) (Alpha) 
Cubic Hex. 


Formula 


Crystal 
System 

Hardness, 9 8 9 
MOHS'’ 

Size, 1.0 
Microns 

Type 1.0C is used to remove stock from 

surfaces that are rougher than 6 micro- 

inches rms; Type 0.3A for preliminary 

polishing, and Type 0.05B for final pol- 

ishing of the wafers. 


0.3 0.05 
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In the initial stages of junction tran- 
sistor or diode production, the powders 
can be used for preparing metallo- 
graphic cross-sections of the assemblies 
according to standard methods on a 
horizontal polishing wheel. For semi- 
conductors, LINDE has developed sev- 
eral adaptations of standard techniques. 

Extremely uniform 

LINDE Types A, B, and C alumina pow- 
ders are chemically prepared and have 
an extremely uniform ultimate particle 
size which obviates any further leviga- 
tion before use. By simple reference to 
a specific lot number, succeeding pro- 
duction lots can be ordered with abra- 
sive properties tailored to an individual 
application. 

a For data on semiconductor and other 
Critical polishing, check the coupon. 








Flame-Plated tungsten carbide 
coatings precision-finished 
Tungsten carbide coatings, applied with 
the LINDE Flame-Plating process, are 
being used successfully on hundreds of 
precision parts because the coatings 
are well suited for finishing down to 1 

microinch rms. 

Most frequently used precision grind- 
ing equipment is diamond wheels, re- 
sulting in lowest overall cost on ordi- 
nary cylindrical and flat work. On many 
contour grinding jobs, special grades 
of silicon carbide wheels will do the job, 
eliminating the high cost and lack of 
precision associated with shaped dia- 
mond wheels. Diamond-abrasive lap- 
ping techniques give high finishes. 

Get complete data on Flame-Plating 
precision parts—send the coupon. 


Plasma-Plate process applies 
thin dielectric coatings 


Next time you need a low-cost, thin 
dielectric coating for cathode cups, con- 
sult Linde Company. LINDE’s Plasma- 
Plate process has economically put alu- 
mina insulation coatings on molybde- 
num cups, and has even built structures 
on mandrels—for example, the grid cage 
shown below. This inert gas process can 
apply refractory metals melting up to 
7100°C., also metal carbides, borides, 
and oxides, to a variety of base metals. 
Discuss your requirements with us. For 
further information, check and send the 
coupon. 
7 
| 


Tungsten grid cage — intricate structure built 
up on mandrel using the Plasma-Plate process. 


CHECK—CLIP COUPON—ATTACH TO BUSINESS LETTERHEAD 


Linde Company, Dept. PG-103 
270 Park Avenue 
New York 17, N.Y. 


Please send details on the items checked: 


(] LINDE Alumina Abrasive Powders 


C) LINDE Finishing of Flame-Plated Parts 


UNION 
CARBIDE 


LINDE 
COMPANY . 


“Linde” and “Union Carbide” are registered 


-) LINDE Plasma-Plated Diélectric Coatings trade-marks ofWnion Carbide Corporation 
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have you met 


GRIPCO GUS ?... 


If not, there are three reasons why meeting him could prove 
particularly profitable: (1) he’s an expert fastener engineer 
with a penchant for solving problems; (2) he has 56 years’ 
worth of fastener tricks up his sleeve; (3) his services are 
free and readily available right in your own backyard. 


There are more than two score of “GRIPCO* GUSes” serv- 
ing friends and customers of the Grip Nut Company coast 
to coast. These are not just “nut hawkers.” Each and every 
one is a trained technician first and a salesman second. As 
our only representatives, you can be sure they are hand- 
picked, heavily-trained, and fully equipped to serve your 
fastener needs with deference and dispatch. 


You'll find your GRIPCO GUS listed (in the yellow pages) 
under Bolts & Nuts as the GRIPCO representative. 


GUS’ GANG: Toplock and Centerlock Nuts, Open and 
Closed End Cap Nuts, Clinch Nuts, Pilot-Projection Weld 
Nuts, Countersunk Weld Nuts, Tab Weld Nuts, Flange 
Nuts, Hex-Finished and Heavy Nuis, Washer Nuts, Self 
Piercing Clinch Nuts. Specials of every description, 20- 
page Catalog on request (see GUS). 


*GRIPCO is a registered trademark of Grip Nut Co. 





910 Maple Ave. * South Whitley, Ind. © Phone: South Whitley 723-5111 


Subsidiary of Heli-Coil Corporation, 
N UT COMPANY Danbury, Conn. 
ees 
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valves are supplied with vertical-lever, 
pushbutton, palm-button (two types) 
or finger-tip actuators. Mechanically 
operated models with cycling speeds to 
30,000 per hr are equipped with ball 
bearing or roller arm cam. Actuator 
arms also are cast of the self-harden- 
ing aluminum alloy. Humphrey Prod- 
ucts, Div. of General Gas Light Co, 
Kalamazoo, Mich. 
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Elapsed time meter . . . 
is built in 24%2- and 3'%2-in. models 
for panel mounting and in 22 -in. mod- 
els for conduit-type case or portable 
stand applications. Instrument face 
has six digital counters measuring 0 
to 99999.9 min or 99999.9 hr. Timing 
mechanisms are enclosed in dust- and 
moisture-resistant cases. Electrical rat- 
ings include 120, 208, 340 and 480 v 
for either 50 or 60 c. General Electric 
Co, Schenectady 5, NY. 

CIRCLE 322 ON READER SERVICE CARD 


Noiseless rotary switches .. . 
use alloy metal-to-metal contacts, said 
to virtually eliminate arcing and wear 
at joint of two materials. Also said to 
be advantageous in applications where 
high currents or inductive loads are 
involved and to result in maintained 
accuracy and noise-free switching. 
Primary applications include sensing 
and control devices. Fairchild Con- 
trols Corp, 225 Park Ave, Hicksville, 
LI, NY. 

CIRCLE 323 ON READER SERVICE CARD 


Stainless steel filters .. . 
are reported to have unusually large 
filtration areas for their size (1 in. dia 
x 2 in. long including connections) 
and weight (2% oz). Filter elements 
are sintered woven wire mesh, corru- 
gated to provide max area, and said to 
assure positive control of pore size 
regardless of system shock or vibra- 
tion. Handle hydraulic fluids, lube 
oils, fuels, gases and such substances 
continued, page 135 
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How to Punch Vulcanized Fibre to Reduce Fabrication Costs 
by K. H. Alverson, Product Standards Director 


Vulcanized Fibre’s capacity for easy 
punching makes this material highly 
attractive to the designer whose appli- 
cation calls for characteristics such as 
good dielectric strength, light weight, 
rugged strength, irregular contours and 
holes and indentations in the surface of 
a part. 

Punching is done with two kinds of 
precision: Rough punching uses the 
lowest cost solid dies, is rapid and eco- 
nomical, but leaves a fractured raw 
edge and is limited to stock thicknesses 
through 4 in.; smooth shaving uses a 
contour die ground to a sharp edge that 
slopes away at 45°. The edge shaves 
stock when the part is forced into the 
die producing smooth edges in parts up 
to 1 in. thick. Holes can be punched 
easily, but should be generally spaced 
from each other and from any edge by 
at least the thickness of the stock. Non- 
circular holes and counterbores should 
be made circular for machining when 
the stock thickness specified is too thick 
to punch. 

For thickness under 3/64”, vulcanized 
fibre can be punched most economically 
with steel rule dies. Dies for simple 
parts usually cost much less than solid 
dies even for irregular contours. Tool- 
ing for scoring or creasing can also be 
added with little additional cost. 

Most parts can be punched without 
additional conditioning if the vulcan- 
ized fibre has its normal moisture con- 
tent of 514 to 7%. For especially diffi- 
cult punchings, or for parts thicker 
than 1g”, heating up to 200°F may be 
desirable. 

Additional economies may be ob- 
tained in thicknesses 1/16” and under 
by using coils slic from parent rolls, 
reducing waste of stock, speeding up 
the punching operation, and reducing 
inspection Costs. 

Many extras may be incorporated in 
punching operations on vulcanized 
fibre. These include scoring or creasing 
for subsequent forming along estab- 
lished lines. Also practical are swaging 
or forming into special shapes, such as 
shoulder bushings or angles. 


Stamping letters and numerals into 


346 Wheeler Street .- 
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the surface of vulcanized fibre in the 
punch-press operation produces perma- 
nently legible markings with no increase 
in cost of the part. White or colored 
roll leaf characters can also be im- 
pressed into the surface to give color 
contrast at very little added cost. 
Punched parts are also readily printed 
with rubber stamp. 


Spaulding Engineers who have been 
trained in Value Analysis can help you 
take advantage of the wide range of 
possibilities in designing to reduce costs 
through the use of vulcanized fibre 
parts. They also make available to you 
Spaulding’s extensive fabricating facili- 
ties and experience in working with 
this extraordinary material. 


13/32 DIA 
2226 OIA. 

















The fabrication of this shut-off switch insu- 
lator demonstrates vulcanized fibre’s facility 
for punching and swaging. Previously 
moulded out of nylon, the part is now made 





— 
— 


&, 
Sa ee 


by swaging both sides and punching vulcan- 
ized fibre —all in the same operation and 
at lower costs both for material and 
processing. 


Cond for your FREE copies 
of thig literature 


ec --C- 


SFAULOING FINE COMPANY, INC 


Value Analysis Brochure — 

case histories of design improvement and 
cost reductions that have been 
accomplished through Spaulding’s value 
analysis of customer products. 


Vulcanized Fibre Engineering Data — 

a design reference book which 
comprehensively covers all the application 
specs of vulcanized fibre. 





Tonawanda, New York 
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MAYLINE 





Aeme__Flectric 


URS CU LURE | SOP hove Your 


Christmas 


PARALLEL RULING STRAIGHTEDGE G ~ / 
The Mayline products shown 

be | a are ideal Christmas gifts. 
These and other products are 


ready for prompt shipment, 











directly to you. 


See your local dealer today 


These units are engineered to provide specified 
electrical characteristics in a practical physical 
design and to perform properly under a wide Sites ten Cities. 
range of environmental conditions. PROFESSIONAL DRAWING KIT 
Our facilities can ac- 
commodate continuous 
production quantities 
as well as small lots. 


MAYLINE 


and reserve the product you 


INITAVW 


want. Early orders insure 


MAYLINE COMPANY, INC. 


607 NO. COMMERCE ST. 
SHEBOYGAN, WISCONSIN 








MASTER TABLE 











MAYLINE 
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ABOVE — STATIC POWER 
ECTIFIER 
Output: 500 KW, 500 volts DC 
1000 amperes 
Input: 13,800 volts, 33 amp. 
3 phase, 60 cycle 


ABOVE — 6 CIRCUIT 
POWER SUPPLY 


Output: 4 circuits, 45 amp 
65 volt DC 
2 circuits, 1-8 amp, 
65 voit DC 


Input: 460 volts, 3 phase, 
60 cycle 


F It’s the most complete reference | have on grooved pins. 
RIGHT — MODULE ANALYZER a Not only tells me about the extensive line of diameters, 
nae . .* My > yA lengths, groove arrangements, steels, aluminums, brass, 
48 volts DC : bronze and other pin metals available from Driv-Lok, 
Input: ate _— Sell . but special pins as well. 
It's got factual information on drilling procedures, 
Our vast store of engineering experience is available tolerances, weights per thousand, minimum shear values 
to assist you in developing a practical solution to for various metals, recommended pin diameters for vari- 
your problem. ous torque values, and a host of typical applications. 
Those applications are great. Give me — 
ACME ELECTRIC CORPORATION all kinds of ideas. Mostly how fo get the ; 
6810 Water St. Cuba, N.Y. best fastening job for the least amount ,PRiv-EOxK: 
In Canada: Acme Electric Corp. Ltd., 50 Northline Rd., Toronto, Ont. | of time and money. | ; 


Don’t get hung up... from stealing a 
or a tough fastening problem. Send for 
your Driv-Lok catalog today! 


DRIV-LOK SALES CORPORATION 


723 Park Ave., Sycamore 1, Illinois 
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Higher over-running 
speeds with Formsprag 


HPO CLUTCHES 


Exclusive chromium-carbide 
alloy ‘““Formchrome’”’ sprags 
held in precise position with a 
new retainer design permit up 
to 30% higher operating speeds 
with the same life span and up 
to 70° longer clutch life when 
same RPM as 
ordinary clutches. 


operated at 


® More capacity for a given 
size and weight of clutch 


Fewer internal stresses re- 
sulting from full complement 
of sprags. 


Rated torque capacities 140 
to 13,500 Ibs. ft. 


Bore sizes .500” to 6.000’. 


GET COMPLETE DATA 
Write for 
Formsprag Catalog 105B 


FORMSPRAG 
COMPANY 


23605 HOOVER ROAD, DEPT. 116 
WARREN (DETROIT), MICHIGAN 


Precision Power Transmission Products 
CIRCLE 79 ON READER SERVICE CARD 
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as red fuming nitric acid in tempera- 
tures ranging from —320 to 450 F 
and working pressures to 5000 psi. 
Removal ratings vary from 15 microns 
absolute (in units with porous metal 
filter media) to 450 microns. Aircraft 
Porous Media Inc, Sub of Pali Corp, 
30 Sea Cliff Ave, Glen Cove, NY. 
CIRCLE 324 ON READER SERVICE CARD 


Size 11 clutch-brakes .. . 
are double-coiled servo instrument 
components that permit independent 
clutch or brake functions within a 
single unit. Available in friction- 
coupled and crown _ tooth-coupled 
models, measuring Iv in. dia and 
weighing 3 oz each. Energized break- 
way torque is 0.08 in.-oz; de-energized 
breakaway torque, 0.03 in.-oz; ener- 
gized inertia, 0.060 oz-in.*; de-ener- 
gized inertia, 0.025 oz-in.*; and power 
consumption, 3 w per coil. Friction- 
coupled model offers a clutch and 
brake torque of 16 in.-oz min., while 
crown tooth-coupled model offers 
clutch torque of 60 in.-oz min. and 
brake torque of 16 in.-oz. Both types 
develop torque by magnetic attraction 
with a spring loaded release. Former 
uses flat, smooth and extremely hard 
contact faces to minimize angular er- 
ror while engaging and to provide long 
slip-life when used as a safety slip 
clutch. Latter employs hobbed-face 
teeth for extra high torque applications 
with a max 3° displacement engage- 
ment error. FAE Instrument Corp, 
16 Norden Lane, Huntington Station, 
NY. 
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Pointer galvanometer . . . 
a modified light-beam galvanometer, 
is suitable for panel or portable 
instruments of the null type. The 
taut suspension, moving coil in- 
strument includes termination of sus- 
pensions in shock mounting. An 
Alnico V permanent magnet pro- 
vides highest permanent flux den- 
sity. All support members are injec- 
tion and compression molded plastic, 
while suspensions are 14K gold. Oper- 
continued, page 137 


CUSTOM 
Clutch Designs for 


Special Jobs 


Formsprag’s complete custom de- 
sign service puts years of experi- 
ence, specialized engineering skills, 
and research and development 
facilities unique in the power 
transmission field to work on 
your problems. 


Custom designed Formsprag 
clutches offer more torque for a 
given size and weight, higher over- 
running speeds, chromium carbide 
alloy ‘“‘Formchrome”’ sprags, maxi- 
mum precision, as well as specific 
features required by the particular 
application. 

Often, your needs may be met 
precisely and economically by 
adapting general purpose FS Series 
or high performance HPO (over- 
running) or HPI (indexing) Series 
clutches. Whether the ultimate 
choice is a standard, modified- 
standard, or special clutch—top 
performance is assured. 


Write for 
General Catalog 105B 


FORMSPRAG 
COMPANY 
23605 HOOVER ROAD, DEPT. 117 
WARREN (DETROIT), MICHIGAN 


Precision Power Transmission Products 
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“ZERO TO FULL SPEED 
IN NOTHING FLATI”" 


4 ZERO-MAX 


a. 


STEPLESS VARIABLE SPEED DRIVE 


ZERO-MAX new “400 Series’ gives you stepless 
variable speed from zero to 1200 rpm instantly and 
accurately with just a finger’s touch on the control 
lever. These compact, quality drives produce con- 
stant torque-ratings of 3 to 450 inch-pounds with 
fractional horsepower 1800 rpm motors. Over 250 
models are available with or without safety discon- 
nect, gearhead, reverse, or motors. Quality at LOW 
COST makes ZERO-MAX ideal for original equip- 


RY TELL t ment. Write for free 16 page catalog. 


AS Low as 45° 


THE ZERO-MAX company 


- 
unrivalled 
. 2879 Harriet Ave. So., Minneapolis 8, Minn. TA 7-5521 
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« o 
precision | SELF-SUPPORT- 
ING — Needs no 
external supports 
of any kind. 











World-famous CasTELL #9030 Lead spans 

the whole complex of creative genius—be- 

cause it gives you density saturation for a 

crisp, bold image ® Chisel point or needle- 

point, CasTELL #9030 lays down black, 

lightproof lines that don’t flake, feather or og ny 
ASSEMBLY PLATE <- ee ae 


“burn out” ® Draws perfectly on all sur- — Holds internal cnet pipe 


. a i iti syphon. Can 
faces, including Cronar and Mylar base Shen bead ts inserted or with- 
drawn right 


films ® Strikes a perfect balance between tench 
coverage and easy erasability § Produces 
highest number of Diazotypes or blueprints 
= Consistently uniform degrees, 7B to 
10H, each as precise as a machine tool. 


In plastic tube with gold cap ® When your with SYPHON ELBOW 


. . . . _ 
brain is in high gear, CasTELL #9030 
doesn’t hesitate. 
Johnson Joints represent the best way industry has yet 


found to get steam or liquids into rotating rolls and 


FITS ALL STANDARD HOLDERS. Pick up a tube from your supplier today. cylinders. They are completely packless, need no lubrica- 
, onened 7 tion or adjustment. The Type SBP shown gets steam in, 


condensate out, through the same head. Other types avail- 
A.W.FABER-CASTELL Pencil Co., Inc., Newark 3, N. J, able for through flow service, in sizes to meet all operating 
needs. WRITE FOR COMPLETE INFORMATION. 


Now celebrating its 200th birthday 

















| 2 Johnson Corporation fe 


a 
813 Wood Street, Three Rivers, Mich. + 
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Positive Positioning 


REL 


reverse lock clutches 


With the R-L reverse lock clutch you 
can position a load precisely and be 
sure it will not move. The reason lies 
in the design that permits torque to 
be transmitted from the power source 
to the load in either a clockwise or 
counterclockwise direction but not 
from the load back to the power 
source. 


Wide Choice of Capacities—Standard 
models currently available provide 
torque capacities from 40 Ibs. in. to 
30,000 Ibs. in. Bores and shaft sizes 
range from '4” to 214”. 


Typical Applications—Examples of 
drives benefiting from the positive 
positioning feature include: radar 
antenna drives, timing drives, machine 
tool applications in which cutter bar 
must be accurately positioned along 
lead screw, etc. 


Get more data by writing 
for Catalog RL-101. 


FORMSPRAG 
COMPANY 


23605 HOOVER ROAD, DEPT. 118 
WARREN (DETROIT), MICHIGAN 


Precision Power Transmission Products 
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ates in ambient temperatures 6f —67 
to 159.8 F and has pointer index with 
a zero-center 30 mm scale. Systems 
available claim resistance values from 
10 to 1000 ohms and sensitivities from 
1.25 to 0.15 microamp per mm scale 
division. Period is 1.2 sec. Howell 
Instruments Inc, 3479 W_ Vickery 
Bivd, Ft Worth 7, Tex. 

CIRCLE 326 ON READER SERVICE CARD 


Snap-action altitude switch . . . 
also can be furnished as an absolute 
or gage pressure switch or a vacuum 
switch. Available with pressure ports, 
or, for sensing ambient conditions, 
without ports. Uses no springs or link- 
ages and is adjustable in the field to 
operate at altitudes from sea level to 
70,000 ft. Sensing element is an 
aneroid capsule working directly with 
a subminiature switch. Assembly is 
housed in a one-piece anodized alu- 
minum case, completely sealed with an 
O-ring. Contacts can be supplied in 
SPST or SPDT configurations, nor- 
mally open or normally closed. Con- 
tact ratings at 50,000 ft are 30 v dc, 
2’ amp inductive or 5 amp resistive. 
Accuracy is said to be within 2% 
over operating temperature range of 
—65 to 250 F. Consolidated Controls 
Corp, Bethel, Conn. 

CIRCLE 327 ON READER SERVICE CARD 


Semiconductor strain gage . . . 
is U-shaped and has leads on same 
end. Proof tested to 3000 microstrain, 
unit has an ultimate strain capacity of 
5000 microstrain. Mounted on high- 
temperature backing, making it suit- 
able for elevated temperature strain 
measurements in stress analysis for 
industrial and transducer applications. 
Gage factor is 110; resistance, 12) 
ohm; and operational temperature 
range, —320 to 400 F. From stock 
at $98 per package of four. Micro 
Systems Inc, 319 Agostino Rd, San 
Gabriel, Calif. 

CIRCLE 328 ON READER SERVICE CARD 


Heavy-duty transmission . . . 

for equipment in the 200- to 300-hp 
range, handles 700 net ft-lb engine 
torque at engine speeds up to 2500 
rpm. Has hydraulic retarder, lock-up 
clutch, converter, and four power take- 
off openings; weighs 925 lb and is 
designed with six speeds forward and 
one reverse. Can be either engine- 
or remote-mounted and offers selec- 
tion of optional converters and ratios 
as well as optional transmission gear 
ratios. Three-element torque converter 


continued, page 138 
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“Built-in” 


QUALITY 


keeps equipment 
on the job 


Dependability, long-life and mini- 
mum service are characteristics of 
every clutch (indexing, centrifugal, 
over-running) built by Formsprag. 
These factors assure peak per- 
formance: 


Constant Improvement— Research, 
development and testing in unique, 
completely staffed laboratory (see 
photo above) maintain design 
leadership. 


Quality Control— Exceptional 
manufacturing and inspection 
standards result in clutches that 
meet or exceed the most demand- 
ing military and industrial re- 
quirements. 

Unexcelled Service— When service 
is needed, rapid turn-around plus 
rebuilding at a fraction of original 
cost. 


Write for Catalog 105B 
to get the comprehensive story. 


——> ad 


EFORMSPRAG 
COMPANY 


23605 HOOVER ROAD, DEPT. 119 
WARREN (DETROIT), MICHIGAN 


Precision Power Transmission Products 
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An unusual square 

section neoprene 

WiLBOW iting provides high torque multiplication 

the footage coupled with automatic lock-up; has 

corny Oda torque ratio range of up to 3.6:1. Op- 

Tape Recorder. tional are gear ratio steps of 1.4:1 or 
1.31:1, providing an over-all gear ra- 
tio coverage of either 5.66:1 or 3.96:1, 
respectively. Allison Div, General Mo- 


tors Corp, Indianapolis. 


Wi L B Oo Ww Circle 329 on Reader Service Card 
precision 
rubber parts 
improve performance 


Design efficiency is the keynote of the new Webcor Tape 
Recorder line for 1961. An example is the square section 
neoprene belt that drives the tape footage counter. Developed 
by Webcor and WILBOW engineers as a cooperative project, 
this new belt provides improved characteristics of strength, 
recovery and uniformity of tension . . . at lower cost! 


WILBOW specializes in the production of precision mechanical 

rubber parts to meet new or unusual design needs. A full range SEND FOR 

of fabrication techniques—lathe cutting, extruding, punching COMPLETE 

or molding —together with a complete line of synthetic, natural] W/LBOW CATALOG 


or silicone polymers is at your service. Why not calla WILBOW 


The WILLIAMS-BOWMAN RUBBER CO. 


1955 South 54th Avenue e Cicero 50, Illinois « (Chicago Suburb) 


Mfrs. of molded, punched, extruded and cut rubber goods. Specialists in pro- 
ducing rubber covered rolls, silicone rubber parts and bonding rubber to metal 


The Vow ae t © R © |] Quick release pins .. . 

° are double acting pins (push to install, 

and Unique VA Z W a pull to remove) available in ring-han- 
dle, T-handle and L-handle 


types. 
Stainless steel balls project beyond 


A MINIATURE VALVE pins’ OD to provide positive lock 
WITH OVERCENTER, against unintentional removal. When 

actuating handle is pulled, balls re- 
SNAP-ACTION OPERATOR toad 


tract and pin is pulled out. 

: handle is pushed, balls again retract 
Toren © instantaneous Response with no In- and pin is pushed into installed posi- 
316F1 termediate Position tion. Release of any force on handle 
Dien @ Full-speed Action Regardless of Oper- locks balls in their projecting position, 
ating Force preventing removal of pin. Furnished 
@ Dimensions: Small as 56” x 1%” x in 17-4PH and 4130 steel and in either 
1%” 2- or 4-ball styles. Hartwell Corp, 

© Weight: As light as 2 oz. 9035 Venice Blvd, Los Angeles 34. 


- Circle 330 on Reader Service Card 
@ For Pressure or Vacuum Service 





Standard Micro Valve is a 3-way, 2-position 
valve and may be adapted easily for 2-way 
shut-off service. Also available — 4-way com- 
bination valves; single and double solenoid 
operated valves; single diaphragm operated 
valves; with male or female connections. All 
valves may be manifolded. 


Reuseable locknut . . . 
has two tapered members which rotate 
together via a key and keyway. Inter- 
nal tapered member, which also is in- 
ternally threaded, moves freely along 
taper of external part, producing both 
positive friction and compression 
lock. This is said to prevent stripping 
For Additional and thread distortion under load, re- 
NC. icfomnetion duce or eliminate fatigue failure and 
' v or give thread contact area under load of 
ne Serer nearly 100% (compared with 25 to 
37% for conventional locknuts). Once 


~- 


I 


138 CIRCLE 138 ON READER SERVICE CARD PRODUCT ENGINEERING - OCTOBER 16, 1961 





nut is threaded home, it reportedly 
cannot be shaken loose through vibra- 
tion or shock. It can, however, be 
backed off without damage to stud or 
to nut itself. Supplied in aluminum, 
magnesium, plastic, as well as steel and 
special alloys. Tapand Inc, 49 Oak 
St, Norwood, NJ. 

Circle 331 on Reader Service Card 


Reduction gear boxes .. . 
including single and double reduction 
units for fractional hp variable speed 
drives, are reportedly lighter in weight 
than competitive units. Available in 
Y% through %4 hp with speed variations 
from 2:1 through 10:1. A “%4-hp drive 
with 2:1 speed variation gives output 
speeds from 10 to 4660 rpm. Other 
sizes and speed variations provide sim- 
ilar output ranges. Have lubrication- 
free pulleys, said to eliminate fret cor- 
rosion and pulley wear. Sterling Elec- 
tric Motors Inc, 5401 Telegraph Rd, 
Los Angeles 22. 

Circle 332 on Reader Service Card 


Magnetic hold-in switch .. . 

with built-in solenoid, permits elec- 
trical release from a remote location. 
When toggle lever is operated and 
solenoid energized, lever stays in ac- 
tuated position until released manu- 
ally or electrically by de-energizing 


solenoid. Has 1-in.-dia housing (in- 
cluding both solenoid and switching 
unit) filled with inert gas under pres- 
sure to assure constant operating char- 
acteristics regardless of atmospheric 
pressure variations. Base of toggle has 
elastomer seal to prevent entry of dirt 
or moisture. The DPDT switch is 
rated 28 v dc at 24 amp inrush (also 
solenoid capacity); 4 amp resistive; 
2.5 amp at sea level (sealed) and 2 
amp at 65,000 ft (unsealed) inductive; 
4 amp motor. Turret type terminals 
are furnished for solder connections. 
From stock at $51.95. Micro Switch 
Div, Minneapolis-Honeywell Regula- 

tor Co, Freeport, Ill. 
Circle 333 on Reader Service Card 
continued, page 141 
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THERMOSTATIC 
BIMETAL 


ACTUATES ANOTHER 
PRECISION PRODUCT 


A PRODUCT OF 
THERMO-ELECTRONICS 

A DIVISION OF THE STUBNITZ 
GREENE CORPORATION, 
ANGOLA, INDIANA 


THERMO - ELECTRONICS 
COMBINATION OVERLOAD AND STARTING RELAY 


STanT acTuaTws wEweer 
STaRT OmerTALC MEMBER fine START COnTACT 
MOVABLE START COMTACT 


COMPENSATOR GutTa.c a8Stue.y 


~ see 
ime cowracTs 


me ACTUATING MENGE 





mt OwETar® wemeee 
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Manufacturers of domestic refrigerators and freezers, water coolers, 
bottle coolers, dehumidifiers and other fractional horsepower appli- 
cations, will find many advantages in this fine Thermo-Electronic 
product. 

1. NORMAL STARTING: Current drawn by start and main 
motor windings causes start bimetallic member to flex upward, 
actuating toggle spring, which opens stert contacts when motor 
is able to run on its main winding. 

. AMBIENT COMPENSATION: With ambient temperature 
changes, compensator bimetallic assembly flexes same amount as 
start bimetallic member; maintaining constant relationship 
between start contacts. 

. OVERLOAD PROTECTION: As temperature of line bimetallic 
member increases, it flexes upward till pre-set temperature is 
reached. Toggle spring rapidly forces line actuating member 
down; opening line contacts, disconnecting motor. 

. “DERATING CHARACTERISTIC” allows full advantage to 
be taken of compressor output without sacrificing overload 
protection. 

. LOCKED ROTOR: When this occurs, start bimetallic member 
flexes upward, opening auxiliary contacts, Current now passes 
through beater and line bimetallic member, which flexes upward 
and causes toggle spring to open line contacts, disconnecting 
motor. 

Thermo-Electronics’ excellent Combination Overload and Starting 
Relay will give maximum protection and efficiency over thousands of 
cycles. That’s dependability. The three “bimetallic members” respon- 
sible for the proper operation of this unit are Chace Thermostatic 
Bimetal. Chace Thermostatic Bimetal is known the world over for 
dependability. More than a third-of-a-century of specializing in 
producing precision thermostatic bimetal has made Chace the 
recognized leader in its field. Specify Chace Thermostatic Bimetal and 
you specify DEPENDABILITY! 


Sead Now For Our Hew” Information Gooklet’ / 


It contains many well illustrated pages of valuable design data and 
examples of successful applications of bimetal! More than 40 types of 
Chace Thermostatic Bimetal are available in coils, strips and com- 
pletely fabricated elements of your design. 


W. M. CHACE CO. 
Thermostatic Bimetal 


1602 BEARD AVE., DETROIT 9, MICH. 


neater —— 
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“GOODYYEAR 


NOW GOODYEAR GIVES YOU ‘‘OFF-SHELF”’ 
DELIVERY OF INDUSTRIAL DISC BRAKES 


—at a fraction of the prices 
you’ve paid until now 





ay 


PICK THE BRAKE THAT'S RIGHT FOR YOU— 
HAVE IT DELIVERED RIGHT OFF THE SHELF 





Equipment 
Kinetic Energy Manufacturers 
Capacity for Price* 
One Stop (Including Disc) 


Torque Capability 
with only 1 brake 
per disc 





Brake Assembly 


with 7” Disc to 3,000-Ib.-ins. 150,000 ft.-Ib. $25.00 





Brake Assembly 


with 12” Disc to 6,000-Ib.-ins. 400,000 ft.-Ib $31.00 





enone 


Molded 
Nylon 


@ FASTEN and INSULATE 
WITHOUT BUSHINGS 


@ CORROSION RESISTANT 
@ NON-MAGNETIC 
@ HIGH DIELECTRIC STRENGTH 


NUTS 


DELIVERED 
FROM 
STOCK Write 


Round, flat, and fillister 
head screws . . . slotted headless 
set screws. Hex and slotted 
cap nuts. Thread sizes 
2-56 to %-20. 
for free samples to fit your production 


See Us at Booth No. 5 N.E.C. Show 


Wfxe}asgy COMPANY, Inc. 


5705 Northwest Highway ¢ Chicago 46, Ill. 








Brake Assembly 


with 18” Disc to 9,000-Ib.-ins. 1,000,000 ft.-Ib. $43.00 














AND YOU GET—Hydraulic or Pneumatic Action .. . Uni- 
versal Mounting Configuration . . . Equal Torque in 
Either Direction ... Unmatched Control ... Automatic 
Adjustment for Lining Wear. 

PLUS—Many design variations for your particular appli- 
cations AND the assistance of Goodyear Brake Engi- 
neers for tough applications. 

WANT TO KNOW MORE? Write Goodyear, Aviation 
Products Division, Dept. J-1720, Akron 16, Ohio. 


Lots of good things come from 
*f.0.b. Akron; subject to quantity discount, 
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MAYBE WE CAN DO IT 
BETTER AND FOR LESS 


Hundreds of Companies have found us 
the Right Source of Metal-Fabricating 


We have facilities, experience and engineering 
counsel which may meet your special require- 
ments—exactly. Three large, well equipped 
plants at Aurora, Ill., York, Pa. and Los 
Angeles geared to economical production. 
Years of experience 
——- thousands 
po my items ... 
ts, parts, sub- 
Saeniine. merchan- 
dising units, made to 
your specifications. 
Modern equip- 
ment includes coil 
steel slitting, level- 
ing and edging, press 
work, all types of 
welding, electrostatic 
finishing. 


Send for 16-Page Illustrated Booklet 
it tells All! 


LYON METAL PRODUCTS, INC. 


General Offices, 1082 Monroe Ave., Aurora, Illinois 
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Low density foam-in-place resin 
is based on a ceramic sphere that has 
been stabilized in epoxy to give min 
air voids and top structural strength 
to resin. Uses long pot life hardener 
and flexible low exotherm hardener to 
vary applications, and can be machined 
and cut to size. Has density of 0.67 
against normal filled epoxy’s density 
of 1.45 or unfilled epoxy density of 
1.15. Cures overnight at room tem- 
perature, in 1 hr at 212 F or both. 
Tensile strength is 1600 psi; flexural 
strength, 3100 psi. Operating range 
is from —31 to 302 F. Sample kit, 
containing 1 qt resin and both hard- 
eners, is priced at $9. Isochem Resins 
Co, 221 Oak St, Providence 9, R.I. 
Circle 334 on Reader Service Card 
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Stainless steel tubular shapes .. . 
are extruded with a variety of exterior 
and interior configurations. Tubular 
shapes are produced by process which 
uses glass lubricant to process ingots 
directly. by extrusion from billet to 
finished shape without rolling. Used 
as special nut blanks, connecting rods, 
impellors, various types of shafting, 
etc, the tubular shapes are available 
with ODs ranging from 1% to 3 in. 
and min internal dimension of % in. 
Metals Div, H M Harper Co, Morton 
Grove, Ill. 

Circle 335 on Reader Service Card 














Low work-hardening stainless .. . 
steel alloy developed for severe cold 
heading, swaging and other cold form- 
ing applications, offers fabricating 
properties and corrosion resistance of 
high-nickel alloys at a price equal to 
Type 305 stainless. Expected to be 
used for fasteners and related parts in 
automotive, aircraft, missile, chemical 
equipment and appliance applications 
where corrosion resistance is required. 
Has cold work-hardening factor of 
84, compared with 94/105 for con- 
ventional Type 305 cold heading ma- 
terial. Factor is same as that of 16 
Cr-18 Ni alloy, said to have lowest 
cold work-hardening rate of any aus- 
tenitic chromium-nickel alloy. Ma- 


continued, page 142 
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NOW-31." SQUARE PANEL 
METERS GET THE CLEAN NEW LOOK 
FROM BECKMAN! 


VOLTS D. C. 


| Beckman | 
a —_ 


Industrial Design 
AWARD OF MERIT 
1961 WESCON 


Actual size- Beckman Style 32 (314”) panel meter 


Meet the latest addition to the Beckman lineup of clean, classic and 
uncluttered panel meters—a 312” model designed to harmonize with 
contemporary panel and console styling. 


To assure accurate, trouble-free operation, these high style meters are 
all metal to shield the movement from magnetic panel materials and 
stray RF. Gasket sealing prevents entry of dust, moisture and foreign 
particles. Glass windows eliminate any possibility of static build-up, 
and the 2.9” scale arc provides maximum readability. 


A wide range of standard models are shipped within 30 days—and 
custom requirements will be met in only 45 days. Rapid, accurate 
service on “spec” face plates is our forte. Your nearest Helipot rep 
can provide complete application, price and delivery information. Call 
him, or write Helipot direct. 


MILLIAMPERES D.C. 
& MILLIAMPERES D.C 


Beckman Style 42 
(4144") panel meter 


Sictet @eatclaee |NSTRUMENTS, INC. 


HELIPOT DIVISION 


Fullerton, California 


Beckman Style 65 
(4” x 6”) panel meter 


POTS : MOTORS : METERS 
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STOP! 


© 


COSTLY LEAKS OF 
VALUABLE FLUIDS 


WITH 


p DURA SEAL) 


DURA SEAL 


THE ENGINEERED 
MECHANICAL SEAL 


Savings in product alone 


| 


| 


will repay the cost of | 


Dura Seal installation 


For further information, write 
for free Bulletin No. PG 


= 


DURAMETALLIC CORPORATION 
KALAMAZOO, MICHIGAN 
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chinability is reported to approach that 
of free-machining grades. Available in 
billets, hot and cold finished bars, hot 
rolled rods and cold drawn wire at 
current Type 305 stainless level of 
47¢ per lb base. Armco Steel Corp, 
Middletown, Ohio. 

Circle 336 on Reader Service Card 


Powdered epoxy foams . . . 
are supplied as one-component, finely 
divided powders that are introduced 
to molds or cavities and moderately 
heated. Result is rigid, uniform foam 
structures which completely fill vol- 
ume and are suitable for use from —65 
to 300 F. Available in three formula. 
tions with weights ranging from 4 to 
15 lb per cu ft and compressive 
strengths from 100 to 700 psi. Two 
formulations partially fill cavity initi- 
ally and then expand; third is poured 
as a powder to completely fill mold. 
Priced in the $3 per lb range. Emer- 
son & Cuming Inc, Canton, Mass. 
Circle 337 on Reader Service Card 


High-strength epoxy adhesive . . . 
is a two-component system which is 
mixed in equal parts by volume instead 
of odd ratios by weight. Eliminates 
need for scales, pre-weighed kits or 
for elaborate metering and proportion- 
ing equipment. One part is colored 
red; other, amber. The two are stirred 
until mixed color is uniform. In ap- 
plication, red color provides visual 
check on coverage uniformity. Fully 
cured metal-to-metal bonds produced 
with the 100% reactive, undegraded 
adhesive, tested at room temperature 
using MIL-A-5090B procedures, yield 
up to 3500 psi. Bonds involving 
expanded styrene foam _ withstand 
175 F for 200 hr without cell attack. 
Priced at less than $8 per gal. and said 
to provide lower cost per sq ft of com- 
pleted glue line than can be attained 
with neoprenes. Rubber & Asbestos 
Corp, 225 Belleville Ave, Bloomfield, 
NJ. 

Circle 338 on Reader Service Card 


Teflon spiral tubing . . . 
is available in sizes from % to 3 in., 
with planned expansion through 6 in. 
dia, and in lengths up to 10 ft. 
Straight tubular ends suitable for 
clamping or lap joint (Vanstone) ends 
and lightweight flanges are standard. 
Resists deterioration, corrosion and 
contamination both inside and outside 
at temperatures from —100 to 500 F. 
Resistoflex Corp, Roseland, NJ. 

Circle 339 on Reader Service Card 
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SPHERCO 


BEARINGS 





If you have applications involv- 
ing linkage or transfer of motion, 
SPHERCO Bearings can supply 
your needs in a wide variety 
of materials with a quality that 
will give you top performance 
under normal or high tempera- 
ture conditions. 


BTS 
Series 


TRE 


T 
TRSeries TRE Series 


Forged One-Piece 
Control Link 


| WRITE FOR BULLETIN 560 


A PRODUCT OF 
SEALMASTER BEARING DIVISION 
STEPHENS-ADAMSON MFG co 


9 RIDGEWAY AVE. * AURORA, WL. 
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EQUIPMENT 


HUNDREDS OF 
Widths, 
Depths & 


Heights 


TO MEET YOUR 
ENCLOSURE 
REQUIREMENTS 
WITKi 


EMCOR 
STANDARD 
CABINETS 


@ Cut costly enclosure design time. Select your 
packaging needs from a complete line of 
standard and heavy duty EMCOR Cabinets. 
EMCOR MODULAR ENCLOSURE SYSTEM 
Cabinetry provides for thousands of control 
center combinations. 
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Air-operated dynamometer . . . 
is a self-contained, braking or loading 
type dynamometer, consisting of base, 
torque scale and air brake. Offered 
in three sizes, with two air brake 
components (clockwise, counterclock- 
wise) and six different torque scales 
(each covering a decade range of 
torque) available for each base size. 
Self-cooling unit is said to have ad- 
vantages over conventionai or custom- 
designed units, including: significantly 
lower cost; high power in relation to 
its size (max of 12, 35 and 85 hp); 
wider and more variable “stepless” 
load range (1:30); higher speeds (max 
of 80,000, 50,000 and 32,000 rpm); 
no “demagnetizing” or special hook- 
ups required; and more compact (5.88, 
8.30 and 12.80 in. OD for the three 
sizes). Hydro-Mill Co, 1707 Clover- 
field Blvd, Santa Monica, Calif. 
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Engineered simplicity of basic frames and 
components affords quickest and easiest 
erection of control center assembly. 
EMCOR Cabinetry Engineers backed by the 
research and development “know-how” of 
the Roy C. Ingersoll Research Center set the 
pace for the packaging needs of electronics, 
instrumentation and electro-mechanical engi- 
neers from coast to coast. 

Rugged frame construction surpasses all 
standard requirements for increased load 
carrying capacities. 

Compatible cabinet design assures simplified 
and economical expansion at any time. 
EMCOR Cabinet manufacturing meets rigid 
quality-controlled craftsmanship standards. 





Metric-English conversion 
calculator . . . 
contains, on one side, decimal equiv- 








Nationwide organization of EMCOR Sales- 
Engineering Representatives assist in plan- 
ning stages and assure customer satisfaction 
beyond the sale. 


alents of millimeters from 0.01 to 100 
mm and Centigrade-Fahrenheit tem- 
perature conversions from —459.40 to 
1790°. Other side provides tempera- 
ture conversions from 1800 to 3000° 
and decimal and metric equivalents of 
parts of an in. in ¢z-in. increments 

continued, page 145 


Condensed Version of Catalog 106 Available Upon Request. 
Originators of the Modular Enclosure System 


INGERSOLL PRODUCTS 


Division of Borg-Warner Corporation 
1000 W. 120th ST. © DEPT. 1240 ® CHICAGO 43, ILLINOIS 
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BAR X'SEALS EVERYTHING 


AT TEMPERATURES FROM —400°F TO +1500°F! 


ANY FLUID—GAS—FUELS—WATER—LIQUID METALS—CRYOGENIC FLUIDS—CORROSIVE FLUIDS 
ANY SYSTEM — HYDRAULIC — PNEUMATIC— es ~~ CRTOSEINC — NUCLEAR 


ri Stats IT SEALS 


re pe 


¥2" TO 3” STANDARD 
| 3” T0 12” SPECIAL 


NO CATASTROPHIC “FAILURES 
INFINITE STORAGE LIFE 
UNPRECEDENTED SERVICE LIFE 
Eliminates critical downtime @ Very high and very low pressure 
@ Easy, foolproof installation (not a mechanism) @ All-metal— | 
' non-contaminating @ Stable, symmetrical design 
WRITE TODAY FOR THE FULL STORY! SALES ENGINEERS IN PRINCIPAL CITIES. ba 


| IT SEALS 
| Wiggins i 
& | E. B. WIGGINS OIL TOOL CO., INC., Dept. J-) Qa 
; NUCLEAR | 3424 E. Olympic Bivd., Los Angeles 23, Calif. 
i ENVIRONMENTS 
a ee 5 TWX 1403U, Phone AN 9.0181 Meh PRESSURES 
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PROBLEM: Electric Boat Division General Dy- 


namics Corp. needed a small quantity of die cast 
impellers in order to test the functional efficiency of 
their new design before going into production. 


SOLUTION: *POCS Prototype Die Casting Service . . . 
A Newton-New Haven developed process which pro- 
vided the needed number of die castings without 
incurring the cost of permanent tooling charges re- 
quired by production die casting. 





This 2 Part Prototype Die Cast- 
ing looks, feels, finishes and 
performs like a production 
casting and was provided, in 
small quantities, at a fraction 
of the cost of production die 
castings. 


| 
Avoid costly design errors ...from your prints, models, 
sketches or ideas, if part of your product is to be a die casting 
. start with PDCS. 


Write today for free booklet... PDCS... Prelude to Production 


NEWTON-NEW HAVEN COMPANY 
_ RALLIES 6 NV we 750 THIRD AVE. 


le ess snesia WEST HAVEN, CONN. 
vies epteda: Custom Producers (NEWT) 
of Die Castings EW HAVE 
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ALOGUE’NO. 60. AVAILABL 











EQUIPMENT 





from 7x to 1 in. In addition, 59 
formulas are shown for converting 
variety of metric factors into British 
(English) equivalents. Supplied in 
plastic case measuring 3% x 8% in. 
Priced at $2 each, or $1.60 each in 
quantities of five or more. Kelm Mfg 
Co, Rt 2, Coloma, Mich. 
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Air damping dashpot kit .. . 
answers numerous problems of system 
stabilization, vibration damping and 
time delay. Allows user to rapidly 
select, set up and observe over 15 
different damping effects. Along with 
three “airpots” are choice of damping 
modes for any application: 2-way, 1- 
way pull and l-way push. Each air- 
pot is made of low-expansion glass 
cylinder, precision-fitted with carbon 
piston to tolerances closer than 0.0002 
in. Color code assures that correct 
piston is inserted into matching cylin- 
der. After damping mode is selected, 
choice is made of five different coup- 
ling springs to link damping action to 
device or system. One is for direct 
linkage, while others, have various 
spring gradients to modify airpot’s 
frequency and phase characteristics of 
system. All couplings are interchange- 
able. Kit, complete with booklet con- 
taining instructions, is priced at 
$19.95. Electric Regulator Corp, Pearl 
St, Norwalk, Conn. 
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Connector kits . . . 

provide all components for assembling 

miniature connectors for experimental 

devices, prototypes and test equipment. 

Complete with sockets, mating pins, 
continued, page 147 
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WOOD'S NEW “SVS” DRIVES 
WONT FREEZE OR STICK... 
NO LUBRICATION IS NEEDED 


Voriable Speed Sheaves have positive 
comp sheave parts into place, eliminating 
well as the need for lubrication. 


__. because Wood's “SVS” 
tocking collars which securely <te 
fretting corrosion and freezing + 


woods SVS’ DRIVES 
IN CAPACITIES FROM 


Wood's stationary control, variable 
speed drives, including SVS types, are avail- 
able in capacities from fractional 
to over 300 hp using conventional v-belts. 

Wide range VPS types are available 
in capacities from 1 to 20 hp. 


Write for BULLETIN 6102. 


T. B. WOOD'S SONS COMPANY . CHAMBERSBURG, PENNSYLVANIA 


ATLANTA + CAMBRIDGE - CHICAGO - CLEVELAND - 


SVS/2361 
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DALLAS 





fe} R= ‘fe}is) 
VALVE 
DATA!...from 


a 16-page manual 
listing over 500 
corrosive media. 


Both are free. Both 


VALCOR 


“HOW TO 
SPECIFY 
SOLENOID 
an 8-page bro- 


chure complete 
with drawings, 


diagrams, charts 


and curves. 


should be at your fingertips. 


VAICOR 


SOLENOID VALVES 


Write today for your copies! 


VALCOR 


ENGINEERING CORP. 


5375 Carnegie Avenue, Kenilworth, N. J. « CH 5-1665 
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WorRtLb BesTos 


BRAKE 
LINING 


can help you solve design, performance 
and cost problems because it offers you 


ANY SHAPE from 
simple rectangular 
blocks to intricate, 
curved segments. 


ANY SIZE from 
massive industrial 
blocks to precision 
segments. 


ANY FRICTION 
required for brak- 
ing systems and 
power control de- 
vices operating dry, 
wet or in oil. 


ANY QUALITY 
needed to meet per- 
formance specifica- 
tions and the finest 
quality available at 
the price you want 
to pay. 


ANY QUANTITY 
from a few samples 
for evaluation to 
carload lots... . 
ANYTIME to meet 
your schedules. 


WORLD BESTOS 
offers you design 
and engineering as- 
sistance, modern 
production facilities 
and over 30 years of 
experience in pro- 


all 


ducing precision pre-tested and scientifically-proved 
brake lining and other friction 
materials that fit and perform as 
specified. New four-page bro- 
chure No. 1051 lists standard fric- 
tion parts and compounds cur- 
rently in production and avail- 
able for immediate delivery. For 
additional information and a copy 
of the brochure, write or call... 


DIVISION OF THE 


Wortb BesTos 
Firestone © 


TIRE & RUBBER COMPANY 





NEW CASTLE, INDIANA 
PHONE: JACKSON 9-4790 
Industrial and Automotive Brake Blocks and 


LiningseTransmission LiningseSpecial Clutch 
Facings « Vibration Controls « Sheet Packing 


YG BEST TODAY — STILL BETTER TOMORROW 
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special staking tool and plastic hoods. 
Sockets are closed-entry, dual-spring 
type. Connectors can be assembled 
with 6, 12 and 18-pin contact config- 
urations. Assembly is accomplished 
by staking sockets and pins in place, 
soldering wires to contacts and snap- 
ping plastic hood into place. Connec- 
tors then can be potted. Four different 
kits are available, including 5 or 1 
grid spacing. From stock at $50 each. 
Omega Precision Inc, 757 N Coney 
Ave, Azusa, Calif. 
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AIRCRAFT ENGINE BLOCK 


Coaxial torque sensor . . . 
for direct torque measurement of 
starters, pumps, gear boxes, turbines 
and other high-speed rotating ma- 
chinery, measured by restraining the 
test device’s case. This is said to pro- 
vide true dynamic torque with top fre- 
quency response by eliminating need 
for in-line sensors that change rotating 
inertia of system being tested. Device 
can be used in any position and con- 
tains no slip rings, brushes or moving 
parts. Available in capacities of 200 
to 2000 in.-lb with accuracies of %4%. 
Lebow Associates, 14857 W Eleven 
Mile Rd, Oak Park 37, Mich. 
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Drawing table . . . 
has integral tool and catalog drawer 
unit. Table itself includes toe pedals 
for complete height 30 to 45 in. and 
angle 0 to 90° from a seated position, 
plus a washable drawing surface. Sta- 
cor Equipment Co, 285 Emmet St, 
Newark 5, NJ. 
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FECTRONG 
EN 


A. W. Haydon’s microminiature elapsed time indi- 


cators and events counters are to electronics what 
‘‘Jo Blocks” (Johanssen gages) are to metalworking 
—precisely accurate standards that are much more 
reliable than what they measure. Adapted from our 
earlier (and very successful) sub-miniature indica- 
tors, these microminiature timers have the unques- 
tioned dependability that only A. W. Haydon’s sta- 
tistical production testing can provide...yet you 
can fit 100 of them into a 5” square 0 We believe 
this new ETI is the world’s smallest—only 4 cubic 
inch. We know it is better than 99.9% accurate... 
exceeds requirements of MIL-M-26550...withstands 
20g, 2000 cycles vibration...weighs only 0.75 oz.... 
temperature range is —65° to +250°F...and runs 
on a half watt, 115 v, 400-cycle power. Digital read- 
out in hours, up to 999.9 or 9999. Companion events 
counters also provide 4 digit readout. Both of these 
units are available with a wide variety of compatible 
mountings () For complete details on these tiny 
titans of time, or on any other electromechanical or 
electronic timing device to suit your special require- 
ments, write The A. W. Haydon Company today. 


AYDON 


COMPANY 


221 North Elm Street, Waterbury 20, Connecticut 
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GROWN UP! 
PRICED DOWN! 


KY-1 01: ew 


Heavy Duty The all new VEMCO 33/20”. A precision drafting 
- machine capable of accommodating drawings as 
High Speed large as 34” x 44”. Combining much of the 


versatility, convenience and precision workmanship 
of America’s finest drafting machines, yet Priced 
At Only $59.50, subject to quantity discounts. 
neste tscasnncnsS> TA 4 | 7 


by ae a Also available—the Model 3300 
with special disc brake and automatic 15° 


indexing—slightly higher in price. 














Write now for new 4-page descriptive brochure. 


V. & E. MANUFACTURING CO. 
766 So. Fair Oaks Avenue 
Pasadena, California 


A 


The one unit that does bigger jobs better . . . Series “A” 
High Speed Index Table is quality to the highest standards . . . "3 
provids extreme accuracy of .001 on a 28” diameter... 
efficiently handles loads of 24,000 inch pounds, and over, CIRCLE 89 ON READER SERVICE CARD 
with outstanding accuracy and maintains zero backlash in dwell - 
position with a high-speed jerk-free operation . . . enables 
designers to make full use of modern high speed equipment. 
With the New Series “A” Index Table You Get: 
© Timken bearing near outside diameter of cam follower plate 
for greatly increased stability 
Supports dial plate load of 18,000 Ibs. 
e Machined housing surface for mounting tooling plate and 
permitting shaft mounted speed reducers to be fitted direct 
Immediate adaptability to dial plate of your choice 
© Hollow output shaft enables air, fluids, coolants or additional 
tooling to be brought directly to center of work area 
Hardened, MACHINE GROUND tool steel cam; precision bear- HIGH 


ts MACE “ ve foe NEW pressure BLOWER 


miniature a.c. multi-stage 


New Globe multi-stage blowers are to replace blowers up to 
Ys hp in cooling applications where high back pressure is the 
big problem (heat exchangers, crowded circuits, etc.). STAX-3-FC 
delivers 45 cfm against 14” H,0 back pressure (65 cfm free 
air). Low specific speed (Ns=15,000) is the secret of this out- 
standing performance. Units use 200 v.a.c., 400 cycle, 3 phase 
power, and are designed to meet MIL specs, including 50 G’s 
vibration and 1000 hr. life. Three-stage unit weighs 29 0z.; 
one and two-stage standard units available also. Production 


QUALITY * VALUE *« PERFORMANCE tooling keeps the cost within reason. Some oats tens for 
24-hour prototype delivery. If you need more performance or 
FOR A NEW HIGH IN SATISFACTION different power, etc., Globe will design the exact blower you 
Complete and informative literature and engineer- need. Request Bulletin STAX from Globe Industries, Inc., 1784 

ing data available upon request. Send for it today. Stanley Avenue, Dayton 4, Ohio. 


COMMERCiAL CAM GLOBE 
& MACHINE CO. jeel-i INDUSTRIES, 
an e Chicago 12 ! INC. 


148 CIRCLE 148 ON READER SERVICE CARD CIRCLE 90 ON READER SERVICE CARD 





DESIGN LITERATURE 





Theory of Hydrodynamic 
Lubrication 

OSCAR PINKUS, BENO_ STERN- 
LIGHT, McGraw-Hill Book Co, Inc, 
330 W 42nd St, New York 36, NY. 
6x9%, 465 pp. $15.00. 

Here is a comprehensive, unified 
treatment of hydrodynamic and hydro- 
static lubrication that emphasizes 
fundamentals basic to a wide range 
of design problems and applications. 

It offers a formulation of the dif- 
ferential equations of lubrication (in- 
cluding energy and elasticity con- 
siderations) and presents techniques 
of solving these equations either 
analytically or by means of analogues 
and digital computers. The book gives 
exact or approximate solutions of the 
differential equations involved and 
provides a basis for the design and 
the solution of specific bearing prob- 
lems. 

Special topics are presented for the 
first time to provide a keener insight 
into the theory of hydrodynamic lu- 
brication such as hydrodynamic in- 
stability, hydrodynamics of rolling 
elements, inertia and turbulence ef- 
fects, nen-Newtonian fluids, and an 
extension of the classical theory. 

There is an analysis of dynamically 
loaded bearings which reduces the 
steady state solution as only a limiting 
case, as well as analyses for finite 
journal and thrust bearings, energy 
considerations, elasticity, and com- 
pressible fluid and thrust bearings. 

Other topical coverage includes 
basic differential equations, incom- 
pressible lubrication, gas bearings, 
hydrostatic bearings, squeeze films, 
dynamic loading, and variable vis- 
cosity. In addition, outstanding ex- 
periments which support the theory 
have been included to provide a link 
between theory and practice. 


International Conversion Tables 
STEPHEN NAFT, E.E., RALPH De 
SOLA. Duell, Sloan And Pierce, 124 E 
30th St, NY. 5% x 8%, 372 pp. $7.50. 
Compiled tables of international 
weights and measures with particular 
emphasis on the Russian, British and 
American systems. Most of these will 
be little use to the engineer, except 
for men concerned directly with prod- 
ucts for the export market. For those 
who have only occasional need to 
express quantities in different units, 
a short list of conversion factors would 
serve as well. The major portion of 
the book is devoted to conversions of 
length, area, volume and weight. These 
are presented both in the form of 
conversion factors and as lengthy ta- 


bles showing, for example, the num- 
ber of square meters in an area of 
from 1 to 100 square sazhens (a 
Russian unit of length). Also included 
are tables for heat and power units, 
wire gages, temperatures, nail sizes, 
paper sizes, fire arm calibers, etc. A 
complete index lists all units used by 
all countries of the world, shows the 
country and gives the US and metric 
conversion factors. 


A Patent Manual for 

Scientists and Engineers 

GEORGE M NAIMARK, PhD. Charles 
C Thomas (publisher), 301-327 E Law- 
rence Ave, Springfield, Ill. 6 x 9%, 108 
pp. $5.50. 

Not really a “manual” but rather a 
brief introduction to the patent law, 
how to get the most out of it and 
how to avoid difficulties. The author 
(who is a scientist, not an attorney) 
accomplishes this without recourse 
to the usual “legal-ese” and without 
interjected citations such as “Horn- 
blower v. Amalgamated Paper, 1932, 
C.D. 607”. In this thin volume, he 
answers such questions as these: What 
conditions invalidate a patent? How 
should you keep invention records? 
Who owns an invention, employer or 
employe? What is the employe’s 
obligation? How are patent rights 
transferred? How do you protect 
yourself against infringement? He also 
has included a chapter on design 
patents, copyrights, and trademarks. 
A lexicon in the back of the book lists 
the most common words and phrases 
used by patent lawyers. 


Patent Digests 

Patent Intelligence File Co of 187 
Olive St, New Haven, Conn. supplies 
patent digests as published in the 
US Official Gazette. Annual cost of 
current year patents averages under 
$20.00 per subject. Five, ten and 
seventeen-year period books on back 
year patents for any of 363 subjects 
are available with indexes. 


Other Books of Interest 


A History of Platinum 

D McDonald. Johnson Matthey & Co 
Ltd, Hatton Garden, London, EC1, Eng- 
land. 7¥%2 x 10%, 254 pp. $5.50 


Engineering and Technical 
Conventions 1961 
Deutsch & Shea Inc, Industrial Relations 
News Inc, 230 W 4\1st St, NY 36. 8% x 
11, 41 pp. $4 

continued, page 150 
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OVER 10 TIMES 
THE RATE 


AT 50% SAVING 


IN RAW MATERIAL 
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Another example of how 
Hubbell Cold Heading 
produces Better Parts at 
Faster Speeds, at Lower Cos 
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THE 

ROTARY UNION’ 

... the Most 

Versatile and 
Efficient 

Rotating Seal 


Versatile because any one of the 
standard types and sizes will handle all 
heating or cooling jobs—whether steam, 
water, air, vacuum, or other industrial 


fluids and gases. 


Efficient because the Rotary Union 
automatically compensates for stress and 
strain and for surges and drops in line 
pressure, and delivers peak performance 
at all times 


Hundreds of thousands of Rotary Unions 
are giving exceptionally long and trouble- 
free service on rubber and plastic machin- 
ery, flake rolls, grain dryers, ball mills, 
calenders, extruders, printing and coating 

and on similar 
Wherever rotating 


and paper machines 
rotating equipment. 
seals are required for heating or cooling 
revolving rolls or drums, you will find the 
Rotary Union to be your most dependable 
and efficient joint. Pipe sizes 4%” through 
5". Write for Bulletin 700 today. 


*Trade name patented 





“WHERE Geet Goancctions COUNT” 
, PERFECTING SERVICE COMPANY 
332 Atando Ave., Charlotte, N.C. 


Boltimore—Buttolo—Comden, N J —C 


Los Angeles New York—Providence—Montre 
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International Transistor Substitution 
Guidebook 

K A Pullen Jr, John F Rider Publisher 
Inc, 116 W 14th St, NY. 5% x 8%, 64 
pp. $1.50 


Transmission of Information 


R M Fano. John Wiley & Sons Inc, 440 
os Ave South, NY 16. 6 x 9%, 389 pp. 
7.50. 


Presents the foundation and major re- 
sults of information theory and is in- 
tended firstly for communications engi- 
neers. 


Human Engineering Testing and 
Malfunction Data Collection in 
Weapon System Test Programs 

PB 161832. Shapero, Cooper, Rappaport, 
Schaeffer, Bates. Office of Technical Serv- 
ices, US Dept of Commerce, Washington 
25, DC. 8% x 11, 47 pp. $1.50 


Man-machine Tracking Performance 
with Short-period Oscillatory Control 
System Transients 

PB 161791. F A Muckler, Office of Tech- 
nical Services, US Dept of Commerce, 
~*~ aacmaae 25, DC. 8% x 11, 14 pp. 
50¢. 


Manual Application of Impulses 
While Tractionless 
PB 161804. Ernest Dzendolet. Office of 
Technical Services, US Dept of Com- 
merce, Washington 25, DC. 8% x Il, 
12 pp. 50¢ 

Operator’s ability to push and pull a 
lever while fractionless and having only 
one handhold is discussed and some eval- 
uations given. 


Thermoelectricity Abstracts 


PB 161714. Office of Technical Services, 
US Dept of Commerce, Washington 25, 
DC. 8 x 10%, 87 pp. $2.25 


Fourth in a series, this edition of this 
bibliography contains reference on ther- 
moelectricity research, development and 
application through 1959. 


ABSTRACTS 


How to Present an Idea 

Idea presentation is not simple, 
rigid, or especially predictable. 

Whereas a machine or process will 
have control and instrument centers 
which accurately show where and to 
what degree manufacturing exists, 
“man-to-man” talking has no such 
aids. 

When the engineer tries to tell 
“the other fellow,” he’s on his own. 
No dials! No circuit breakers! No 
aids! 

Here he’s probably more uncom- 
fortable than any other specialist be- 
cause he cannot test the situation to 
see how it’s going! 

Tape recordings of engineers trying 
to tell management what would be 
accomplished if their recommenda- 
tions were followed have been made 





CIRCLE 150 ON READER SERVICE CARD 








HEXSEALS are modular external seals. 
They fit onto switches, potentiometers, 
circuit breakers and lighted push- 
buttons. 


We also make: 


e SEELSKREWS® 
e SEELBOLTS* 
e SEELRIVITS® 
e SEELTHREDS® 


SELF- 
SEALING 
HARDWARE 





APM PRODUCTS MEET 
ALL APPLICABLE MIL SPECS. 











Our list of modular seals is just too long 
for this ad. Let us send you our Catalog 


| No. 359B. 


*Trade Mark 


| Write or call: 


| 
| 


| 
| 


| 


MISS RIVA SOLINS 


A.P.M. corp. 


41 Honeck Street, Englewood, N. J. 
LOwell 9-5700 
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by the author’s company. Reruns of 
these tapes have been most instructive. 
Time after time verbal impasses de- 
veloped. Time after time there was 
a “bogging down” over a technical 
phase in a layman’s discussion. 

“How to Present an Idea,” by E. J. De- 
Witt, President, Wallace Supplies Manu- 
facturing Co, Chicago; Mechanical 
Engineering, Oct 1960, American Society 
of Mechanical Engineers, 29 W 39 St. 
NY 18. 


Design Formulas for 
Thick Cylinders 

Provides formulas for internal and 
external pressure, discusses stresses and 
other design failures, and also includes 
some data on design of compound 
cylinders. 
“Design Formulas for Thick Cylinders,” 
A. Ormerod, Royal Military College of 
Science. Engineering Materials and De- 
sign, May ’61, Drury House, Russel Street, 
London, W.C.2, Eng. 


Should I Become a Registered Pro- 
fessional Engineer? 

The affirmative answer to the ques- 

tion posed in the title is underscored 
by arguments drawn from the author’s 
10 years of experience as a member 
of a state board of engineering exam- 
iners. A country-wide listing of state 
boards of engineering examiners is 
appended to the article. 
“Should I Become a Registered Profes- 
sional Engineer?” by E. R. Whitehead, 
Illinois Institute of Technology. Elec- 
trical Engineering, Aug 1961, 33 W 39th 
St, New York 18. 


CATALOGS 
AND BULLETINS 





To obtain copies of literature describei be- 
low, circle corresponding number on post- 
card inside back cover. 


MINIATURE PRECISION BEAR- 
INGS—Catalog 6, 64 pp. Covers 
such types as radial retainer, extended 
inner ring, thin-width, radial full race, 
high-speed, end cap and integral shaft, 
pivot and thrust, etc., tabulating di- 
mensions of each bearing number. 
Discusses and illustrates with charts 
and curves bearing data, including 
load ratings, bearing type selection, 
shock loads, deflections, torque and 
vibration testing, and failure analy- 

MPB Inc, Precision Park, Keene, 
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METAL SEALS—Catalog, 38 pp. 
Furnishes sizes, specifications, test 
results, installation and ordering in- 
structions, materials and finishes of 


MEEHANITE MEANS BETTER CASTINGS® 


Standard construction mate- 
rials for all Blackmer Vari- 
Fio pumps is high strength, 
pressure-tight Meehanite 
Nodular tron. it provides 
the necessary mechanical 
properties and is less cost- 
ly than steel, particularly 
from the standpoint of ma- 
chining. The intricate rotor 
shown, a critical internal 
part subject to high 
stresses, is cast in type 
SP-80 to insure top per- 
formance under the most 
severe service conditions. 


SOLVE YOUR TOUGH 
CASTING PROBLEMS WITH 
MEEHANITE NODULAR 


The excellent castability of Meehanite Nodular in combination with exceptional 
strength, ductility and wear resistance has led to its wide acceptance for intri- 
cate pressure castings and many other components which must withstand severe 
service conditions. The broad range of its utility is further enhanced by inherent 
production advantages resulting in a reduction of manufacturing costs. 


Meehanite Nodular is available in a broad range of properties embracing all current 
Nodular specifications and including some unique new wear and heat resisting 
types. When you specify one of the S types of Meehanite Nodular, you can be 
sure of obtaining castings that live up to specified claims. Meehanite foundries 
have more than a quarter of a century of experience in handling the essential 
materials used to convert the graphite in cast iron from the flake form to the 
nodular which gives this family of metals its unique engineering properties. 
Meehanite patented quality controls assure uniform dependability regardless of 
how small or how large the casting. 


For complete information about Meehanite Nodular, send for a free single copy 
of our eight page brochure (B-47-A). Write: Meehanite Metal Corporation, 714 
North Avenue, New Rochelle, New York. 


MEEHANITE METAL 


MEEHANITE CASTINGS ARE MADE ONLY BY MEEHANITE FOUNDRIES, 


complete line including AN port seals, 
continued, page 153 
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YALE approves WARD 
we awe to muscle triple-lift on gas truck 


current adver- 


tisements in Choice of suppliers is narrowed by high quality demanded 


Construction 
Methods and ' In a recent general reappraisal of sources, Ward Hydronics Inc was again 
as approved as a supplier of the triple-lift hydraulic cylinder that gives the 
Handling 4 Yale gas truck its lifting muscle. Price, though sharp pencil, was not at issue 
ae since Ward is competitive. Neither was design, it’s Yale’s. Instead, the matter 
turned on two factors of interest to any producer of mobile heavy-duty equip- 
ment like this lift truck . . . quality manufacture of cylinders and delivery. 
On both counts, Ward meets Yale & Towne standards. For some details as 
to quality, look at the cut-a-way of the triple-lift Ward Hydronics 
cylinder. For delivery? For quotations? Write Ward Hydronics Inc., 
11600 Genesee Street, Alden, N. Y. Telephone: Buffalo NT 3-9566. 


O sronze guide assures stability Flow controller provides 
at full extension smooth, positive action 


Static seal, return drains Positive-lock pilot is specially 
prevent external leakage treated to outlaw galling 


Honed and polished seamless @ srecially compounded packings stop 
stee! tube hard chromed to both high and low pressure leakage 


0.001-inch per side resists wear Ociass 3 fits aid parts 
MIG welds boost strength interchangeability 


NOTE: Design permits complete field disassembly. 
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, . Need a Small 
NOW-a “snap-in” rod wiper Snap-Action Switch? 
that really works! 


E33-00A 
SERIES 
This new, non-metallic rod wiper is made in one piece of 
Disogrin’s polyurethane elastomer. It offers the outstanding 
resilience, “memory”, abrasion and tear resistance proved in © %” x Sp” x 1-1/16" cose 
Disogrin “U” cups and “O” rings and in fork truck wheels. It *¢ Long electrical ond mechanical life 
is not affected by ozone and scrapes absolutely everything from © ROCK-Wipe contact action 
the rod without scratching or marring. © Melded pivet fer hinged ectuster 
Thus, this new scraper works — really works — even with ; ; 

H . ts . © Solder, quick connect or screw terminals 
pitted or scored shafts. Just snap it in and forget about it. RATED: UND. LAB. INC. INSP. 
Available in a complete range of sizes — Write for data and 10 amps. ¥ + me 250V A.C. 

" . V; . 125V D.C. 
new Disogrin polyurethane seal catalogue. f$ “ a eg 250V D.C. 


Standard mounting hole dimension 


CALL OR WRITE 


ES OGRIN nc ven worn HERRY ELECTRICAL PRODUCTS CORP. 


P. O. Box 66 G Highland Park, Ill. 
INDUSTRIES wigan Phone: Idlewood 2-8182 


A DIVISION OF PELLON CORP. MOunt Vernon 4-7733 
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UNIVERSAL JOINTS 
external pressure or vacuum seals, , 

miniature and flange seals. Harrison 

Mfg Co, 2908 N Naomi St, Burbank, | 


Calif. 
Circle 361 on Reader Service Card 


SILICONE RUBBER—Booklet, 60 
pp. Serves as text and reference guide | 
for designer, treating such topics as 
properties of general purpose silicones, 
processing, uses of silicones in fluids, 
hybrids, weather and heat resistance, 
low temperature flexibility, compres- 
sion set, etc. Illustrated with curves, 
charts, and photographs. Mechanical 
Rubber Products Co, Warwick, NY. 
Circle 362 on Reader Service Card 


NATIONAL 


RETAINING RINGS 


SOLENOID VALVES—Catalog sup- 
plement, 16 pp. Supplies specifica- 
tions, dimensions, operation data and 
prices of new 2-, 3- and 4-way units. 
Photos, schematics and dimension 
drawings comprise illustrations. Auto- 
matic Switch Co, Florham Park, NJ. 

Circle 363 on Reader Service Card 


TUBE COUPLINGS—Catalog GC-6, 
8 pp. Provides detailed procedures 
for installation of connectors for thin- 
wall tubing, and includes tables of 


FOLLOW THE LEADERS! Simplify product designs, reduce weight, 
space and production operations by installing NATIONAL Retaining 
rings. Use smaller shafts and housings, save machining and material 
wasted when larger shafts are cut down to make shoulders. Per- 
formance-proven on assemblies ranging from heavy machinery to 
electronic equipment. Request catalog and recommendations on your 
specific applications. 


The NATIONAL LOCK WASHER COMPANY 
Serving Industry Since 1886 


NEWARK 5, NEW JERSEY e MILWAUKEE 2, WISCONSIN 


alues, eight is 
a ae 8 a CIRCLE 94 ON READER SERVICE CARD 


and illustration of various connector 

types. Wiggins Oil Tool Co, 3424 

E Olympic Blvd, Los Angeles 23. 
Circle 364 on Reader Service Card 


MULTIPLE PUSHBUTTON 
SWITCHES—Catalog S-306, 12 pp. 
Describes both non-illuminated and 
illuminated types and carries data on 
different combinations available such 
as numbers of stations, rows, func- 
tions, solenoid releases, and stack 
switches at each station. Engineer- 
ing drawings are included. Switchcraft 
Inc, 5555 N Elston Ave, Chicago 30. 

Circle 365 on Reader Service Card 





r 


| 
VERNITRON .05% ACCURACY PRECISION RESOLVERS 
DELIVERED ON REGULAR  TauoH Yom cr 
EXPANSION ASSEMBLY MeETH- PRODUCTION BASIS 


ODS—Booklet, 12 pp. Reviews ex- | Alt SIZES—8 through 23 

~or vif PI ALL STANDARD TYPES—Computing, Data Transmis 
pansion fitting as an assembly pro- | sion, Phase Shifters and Sweep 
cedure and furnishes photographs | Abt ENGINEERED & MANUFACTURED TO: 
illustrating installation of bearing race- 


MIL-R-14346 
ways; tables of expansion coefficients; 


DIALLYL PHTHALATE RESIN- 
BASED PREPREGS—Booklet, 10 
pp. Cites properties and production 
advantages of glass cloth impregnated 
with the resin and discusses molding 


ALL AVAILABLE WITH 
@ Thru-Bore Design 
: @ High Reliability Exclusive Brush Block 
and nomograms for calculating rates 
of thermal expansion and determin- compensator windings (on feedback units 
ing temperatures required. Cincinnati A major break-through, made possible by VERNITRON 
specialization in precision synchro and resolver design WRITE. WIRP 
Circle 366 on Reader Service Card | livery and specifi 
ation data; ask for 
NEU Vernitron 
Cc Oo mR - oO Rr AN a ! oO ™N 
THE QUALITY NAME IN PRECISION SERVO COMPONENTS 
119 Old Country Rd., Carle Place, N.Y.—Ploneer 1-4130 ° TWX: C-CY-NY-1147 


@ Stainless Steel housi-gs, shaft, bearings 
Sub-Zero Products, 3930 Reading | ' ; 
1 and manufacture. PHONE NOW fos 
ondensed Catalog. 
' 
WEST COAST PLANT: 1742 So. Crenshaw Blvd., Torrance, Cal.—FAirfax 8-2504 * TWX: TNC-4301 4 





@ High voltage capabilities between stator and 
Rd, Cincinnati 29. ; 
complete price, de 
; p 2 5 
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UNIMAX 


LEVER-ACTUATED 


WITCHES 


ELECTRONIC 
VARIABLE-SPEED 


AG CONTROLLER and 
Matching DC MOTOR 


2T60 ELECTRONIC CONTROLLER 
with matching 1/50 H.P. DC MOTOR 


*$ 


Complete, F.0.B., 
Las Vegas, 
Nevada 
SPECIFICATIONS 

@ Thyraton tube operated controller 
gives stepless operation @ Input: 
110-120 V., 60 cy. single phase © 
Output: 0-120 V., 200 ma. DC to 
armature @ 1/50 H.P. ball bearing, 
right angle, gear head, shunt wound, 
DC motor @ Reversible @ Armature 
shaft is extended @ Armature speed 
0 to 4000 R.P.M. @ Motors in gear 
ratios: 6, 18, 30, 36, 60, 100, 300, 
540, and 1120:1 in stock. 


GERALD K. HELLER CO. 


2673 South Western Street, Las Vegas, Nevada, P.O. Box 4426 
CIRCLE 95 ON READER SERVICE CARD 


NTEED 


to give 
drip-tight 
leak-proof 
| seal 


Other models to 
3/4 H.P. motors 
available. 
Request data. 











Cut manufacturing costs by eliminating complex 
linkages and mechanical couplings. Levers, in hun- 
dreds of special shapes, suit individual needs. 

The standard Type 2HLT-1 switch shown is 


15/16 x 11/16 x 1 5/64 inches with a 2 1/2- 
inch rigid-lever actuator. Some special levers we 
have furnished are shown; we'll design to fit your 
requirements. 

Basic UL rating of Unimax 2HL series is: 1 hp 
125 v. a-c; 2 hp 250 v. a-c; 20 amp. 125, 250, 480 
v. a-c; 10 amp. 125 v. a-c lamp load. Write for 
Catalog 123, containing basic data on the entire 
Unimax Switch line. 

Local distributors now stock Unimax switches 

for your convenience. 


UNIMAX SWITCH 


IVES ROAD WALLINGFORD CONNECTICUT 
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For over 55 years the firm guarantee 
back of each and every DART UNION 
sold has been — “if one should leak 
through we will give you two”! The 
record reveals that less than 1 in every 
100,000 has proven to be faulty. The ex- 
tra wide bronze to bronze seats, preci- 

sion ground to a true ball joint, mount- 
ed in heavy malleable iron pipe ends 
and protected by an extra heavy union 


greatest name 
in unions 


DART 


nut, make a drip-tight, leak - 
connection WITHOUT EXCES IVE 
WRENCHING time and time again. 
Guarantee positive tight — — 
and extra long service on your 

lines by using the DART GUARA! 
TEED UNIO 

Yours on request: Descriptive brochure 
on Dart Unions and Union Fittings. 


DART UNIONS Products of DART UNION COMPANY PROVIDENCE 


GENERAL 
SALES 


sy Zellaetelal 43 COMPANY 


393 LAFAYETTE STREET, NEW YORK 3, NEW YORK 
AGENT BRANCHE 
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procedures, manufacture of prepregs 
and benefits they offer. Dapon Dept, 
FMC Corp, 161 E 42nd St, New | 
York 17. 

Circle 367 on Reader Service Card 


CERAMIC MATERIAL — Bulletin 
NPC-2, 6 pp. Details properties of 
thin-walled cellular ceramic structure 
and provides data on applications in 
heat exchangers, gas-fired infrared 
burners, entrainment separation and | 
as a Catalyst support. Charts, graphs | 
and photos are included. New Prod- 
ucts Div, Corning Glass Works, Corn- 
ing, NY. 

Circle 368 on Reader Service Card 


ROD AND SHEET—24 x 11 in. | 
chart. Shows variety of materials raz 
ranging from standard copolystyrene 


rod through adjusted dielectric rod handbook 


and sheet. Physical and electrical | 

properties are tabulated with curves Contains Information On .. . 

plotted to indicate varying dielectric Designing for Preforms * No Tangle Notch Coil Rings 

t E & Cumi I Round and Flat Wire Rings * Types of Flux and Applications 

constant. Emerson UmIng IRC, | Curved Washers and Shims * Alloy Selection Charts 

Canton, Mass. Types of Blanked and * Gold, Silver and Aluminum 
Circle 369 on Reader Service Card Edgewound Washers Brazing Alloys — Soft Solders 

Send for your free copy today! 


ADHESIVES, SEALANTS, COAT- LUCAS-MILHAUPT Exngincuing Cs. 


INGS—Brochure, 8 pp. Catalogs pon © tate Bete Qetite, Wilton 


over 80 products by type, properties, 
applications and industry uses. Magi- CIRCLE 97 ON READER SERVICE CARD 


chemical Co, Brockton, Mass. 





Circle 370 on Reader Service Card 
B ASSURED SELF-LUBRICATING SECURITY 
BRASS STRIP—Brochure D-26, 4 | Y T 2) 
pp. Photos and property chart com- | Wi TH iD cy R R fh : kK 
pare special process brass strip with | 
conventional deep-drawing brass. Cost S , , 
savings, characteristics, applications 


and performance of the strip are de- | os 

scribed. Chase Brass & Copper Co, Ma —. 

Waterbury 20, Conn. Construction Boking Ovens & High 
Circle 371 on Reader Service Card . —e 


BALL VALVES—Brochure, 4 pp. 
Compares costs with standard ball 
valves and standard gate valves; traces | 
performance features and _ specifica- 


tions; and illustrates construction fea- — — 

° . ° js 7 
tures and five types of pipe ends which “ . ee 
can be used with valves. Dimension ~ -% 

. Moteriols Hondiing Equipment nery Paper, Food, Rubber Hydre-Electric Gote Bearings 
drawings and pressure vs temperature 8 Conveyor Systems Processing Plonts & Testite Machinery end Accouery Equipment 
curves are included. Worcester Valve _Lubrite seli-lubricating bearings offer great versa- | Send i ’ 
Cc I 16 Park St. W t tility in hundreds of fields where dependability page fe a Sue wel 
~e =, arker , orcester, and superior performance are of prime importance. — it Eg | complete 

; ‘ ‘ Lubrite Bearings, with clean, permanent. ‘ormation, technical data 

Circle 372 on Reader Service Card maintenance-free self-lubrication are designed Lubri a , about 
to withstand severe loadings, t ture ex- cen Plates ae = 
. . * us 
ae Sane corrosion and other adverse ings. Write today! 


* 














SHAFT ANGLE ENCODERS— 
Catalog D, 8 pp. Contains specifica- 
with complete technical information about 


tions of linear and sine-cosine pre- 

~ 3 P. Consult our Engineering Department on your SS a REND CHTNEDE, 
cision optical encoders for converting application. No obligation. BEARINGS & WASHERS. 

angular position information into bi- Write for your copy. 


nary code. Also discussed are encoder L U es R I TE DIVI Ss ION 


principles of operation, applications, 


packaging features and relationship MERRIMAN SROS.. INC. 
continued, page 157 195 AMORY STREET, BOSTON 30, MASSACHUSETTS 


Lubrite may be just the bearing you need in 


your designs to obtain better results. Available now — New Manvel Me. 36 
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MOLDED RUBBER PARTS 
BY HUNDREDS of MILLIONS 





WE'LL MATCH YOUR SPECIFICATIONS 
AND YOUR PRODUCTION SCHEDULES 


We can produce in quantity any part made 
of molded solid rubber (illustrated) or of 
extruded flexible vinyl plastic. We have com- 
plete engineering and technical personnel 
for working with you on developing the de- 
sign or redesigning a part, plus a long and 
successful performance record on quality and 
deliveries to schedule. Send drawing, sketch 
or part for prompt quote. Ask for illustrated 
folder. 


REPUBLIC RUBBER DIVISION 


LEE RUBBER & TIRE CORPORATION, YOUNGSTOWN 1, OHIO 


INDUSTRIAL RUBBER PRODUCTS 


Please send me quotation per attached 
sketch, drawing, blueprint, sample or letter. 
NAME... 
TITLE oa ieenihnis ninealeliigippadaeainahniebiiliged eaiiahieteakalatcdtieeipunaiies om 
COMPANY___...____. 
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FREE ANSWERS 
TO 
BEARING PROBLEMS 


If you are interested in solutions to bearing prob- 
lems, you should receive TEC-TONIC regularly. 
With no cost, you can receive existing issues of 
this easy-to-read series and be placed on our mail- 
ing list to receive future editions. Specific solu- 
tions to special bearing problems such as the 
following are explained: 


BEARINGS IN CRYOGENIC LIQUIDS 
THIN SECTION BEARINGS 
ALUMINUM BEARINGS 
HIGH TEMP., CORROSION RESISTANT, ECONOMICAL BEARINGS 
DRY OPERATING, HIGH TEMP. BEARINGS 
VACUUM OPERATION BEARINGS 


To obtain existing issues and future editions of 
TEC-TONIC circle the card or write: 


IT INDUSTRIAL TECTONICS, INC. 


Balls and bearings: customized in any quantity 
Bearing Division /18301 Santa Fe Avenue, Compton 8, Calif, 
CIRCLE 98 ON READER SERVICE CARD 


BEAD CHAIN 
Multi-Swage Parts 


CONTACT 
PINS 


also PRINTED CIRCUIT 

MINIATURE PARTS 

Contact pins, terminals, jacks or 

any small tubular parts. Maximum 
Y%4" diameter x 1%4" length. 

Send sketch for quotations. 


TERMINALS 


ens [ = 


65(=(= 





JACKS 
BEAD CHAIN DRIVES 


Low-speed positive drives or motion transfer 
... at for less cost! 


FRICTION 
CONTACTS 


U 


ceed 
a eR 











Send for Multi-Swage or 
Bead Chain Drive Catalogs! 











| THE BREAD CHAIN MFG. CO. 


92 Mountain Grove St., Bridgeport 5, Conn. 
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Barber-Colman 
battery-operated 
d-c motors with 
integral governors 


Fe wahi i eonure 
ideal for many of 


today’s portable 
applications 


BARBER 
COLMAN 


Type BYQM, top, is inexpensive, yet 
of excellent quality to meet consumer 
demand for dependability in mass- 
produced goods. Type HYQM is an 
exceptionally fine-quality battery-op- 
erated motor for the more demanding 
applications such as portable dictating 
equipment. 


BYQM-Typical Specifications 
approx. 3 to 30 
1200 to 6000 rpm 

0 to .20 oz-in, 
SENS, au Chat ckessecsvedcdesecahsusee™ 1,29” 


HYQM-Typical Specifications 
Voltage range 4.5 to 30 volts 
Governed speed 1500 to 5000 rpm 

0 to .20 o2-in. 


1 
TYPICAL APPLICATIONS 


PORTABLE DICTATING MACHINES 


Voltage range 
Governed speed 


PHOTOGRAPHIC EQUIPMENT 
DRIVE MECHANISMS 

TAPE PLAYERS 

ROTATING BEACONS 

DEPTH FINDERS 

BLOWERS 

PORTABLE INSTRUMENTS 


ROTISSERIES 


WRITE FOR HELPFUL DATA SHEETS on 
BYQM and HYQM battery-operated motors 
specifically designed to fit individual cus- 
tomer applications. 


BARBER-COLMAN COMPANY 
DEPT V, 1812 ROCK STREET, ROCKFORD, ILLINOIS 


CIRCLE 100 ON READER SERVICE CARD 


DESIGN LITERATURE 





between disk coding and degree of 
accuracy. Computer Control Co Inc, 
983 Concord St, Framingham, Mass. 

Circle 373 on Reader Service Card 





BRASSES AND  TIN-BRASSES— | 
Booklet, 4 pp. Notes composition, | 
mechanical properties, typical uses, | 


| physical constants and working prop- 
| erties of brass wire, rod and strip. 


Riverside-Alloy Metal Div, H K 
Porter Co Inc, Riverside, NJ. 
Circle 374 on Reader Service Card 


LUBRICANTS—Bulletin 132, 8 pp. 
Describes and illustrates with graphs 
and curves properties and perform- 
ance characteristics of molybdenum | 
disulfide lubricants. Alpha-Molykote | 
Corp, 65 Harvard Ave, Stamford, 
Conn. 

Circle 375 on Reader Service Card 


SLEEVE BEARINGS — Brochure 
JBL-35, 4 pp. Carries illustrations and | 
specifications of custom and standard 
sleeve bearings and bars. Johnson 
Bronze Co, New Castle, Penna. 

Circle 376 on Reader Service Card 


PRECISION CASTING—Booklet, 18 
pp. Discusses plaster mold and planar | 
investment castings and how both 
processes can be combined to over- 
come important limitations of either | 
process alone. Specifications and 
properties of eight different nonfer- 
rous alloys are included. Atlantic 
Casting & Engineering Corp, 810 
Bloomfield Ave, Clifton, NJ. 

Circle 377 on Reader Service Card 


PNEUMATIC INSTRUMENTS — 
Bulletin 406, 4 pp. Describes control- 
lers, transmitters and receivers and in- 
cludes cutaways, weights, dimensions 
and capacities. American Meter Co, 
920 Payne Ave, Erie 6, Penna. 

Circle 378 on Reader Service Card 


LUBRICATION SYSTEMS — Cata- 
log, 36 pp. Discusses direct, single 
line, dual line, oil circulating and con- 
stant pressure systems, giving equip- 
ment capacities, deliveries and modes 
of operation. Research Appliance Co, 
Lubrication Div, Rt 8 at Craighead 
Rd, Allison Park, Penna. 

Circle 379 on Reader Service Card 


AIR POWER CYLINDERS—Bulle- 
tin 0220-B1, 4 pp. Catalogs both 
single and double rod end models in 
five bore sizes, outlining specifications 
and design features. Also discusses 
value of floating cushions in applica- 
tions involving fast stroke or high 


continued, page 159 


««smeans alloy flexibility 


Through investment casting, your 
metal parts can be made in a wide 
range of ferrous, nonferrous and 
super alloys. Results — better 
performance...longer life...lower 
costs! 

This part for can making machin- 
ery now cast in a non-machinable 
alloy offers a very high degree of 
resistance to wear and corrosion. 
Results — costly parts replace- 
ment problems ended. 

Better alloys often cost no more 
ihan the “inexpensive” ones when 
your part is an investment casting. 
What counts is castabi/ity, not 
machinability. Write for 
complete 

technical 
and facilities 
information. 


HITCHINER 


Milford 2,New Hampshire 
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LIMA 


Selectro-Shift 


DRIVES 


M CIRCLE SEAL 


SERIES 
© 1100 


PREVENTS 


COSTLY DAMAGE 


eee AUTOMATIC 


GAUGE CUT-OUT 


From 15 to 2400 psi... 
—100° to 500°F. Wide range 
of cut-out pressure settings. 
Available in brass or 303 
stainless. 


| GAUGE 
PROTECTOR 





A safety shield for gauges and 
personnel, the Circle Seal Gauge 
Protector is designed for pneu- 
matic or other gas systems as 
well as liquid service. Use of 
contact rather than sliding seals 
overcomes 0-Ring breakaway fric- 
tion problems associated with 
piston type units. Automatic cut- 
out when system pressure 
exceeds gauge limit... auto- 
matic cut-in when system pres- 
sure returns to normal maximum. 
In gas systems, surge or shock 
waves will close valve momen- 
tarily to reduce shock to gauge 
elements. Where gauges are cas- 
caded, Gauge Protector automati- 
cally cuts out lower pressure 
gauges ...cuts them in as sys- 
tem pressure falls. 








CIRCLE SEAL PRODUCTS CO., INC. BetlasgeiS= 
2181 East Foothill Bivd., 
Pasadena, Calif. 
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20HP 25xHP 3OHP 40xHP 
with 
REMOTE CONTROL PANEL 
6 or 3 speed 
* incorporates gear sets... 
no belts! 
¢ hydraulic clutches activated 
by electric solenoids. 
¢ can be shifted to any of 
six speeds 
while running under full load! 





Get the greatest benefit 
from Product Engineering 
by having your own sub- 
scription. 


You can then read the articles and 
advertisements at your convenience— 
and set up your own information file. 
Use subscription card in back of this 
issue or write direct to: 


¢ forward or reverse drive. 
for additional information, write: 


Darrel Bryan 


x general sales manager 





Circulation Manager 


ELECTRIC MOTORS (1 thru 200HP NEMA) 


GEARSHIFT DRIVES 
| | FA Member 
of Ihe Conde Group 


VARIABLE SPEED DRIVES 
GEARMOTORS 

a): et lene -lleom | lehee)- mele mm). | on 

LIMA, OHIO 


Product Engineering 
23rd Floor 

330 W. 42nd St. 
New York 36, N.Y. 


STRAIGHT LINE REDUCERS 
SHAFT MOUNT REDUCERS 
GENERATORS 

GEAR REDUCERS 


GREEN SEAL MCTORS 
Unconditionally 
Warranted 
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ASME presents your 
complete source of 
metalworking data 





to help you achieve 
sound design and 
production economy 


Out of the great resour of the American 
Society of Mechanic _ Engines ers comes this 
valuable reference to give you quick access 
to facts and data you ‘have to nave when work 
ing out specific designs. It ollects 
— a information a desig met needs 


in one 
about 


you will find basic design information on 
metal properties basic engineering a 
tables not ordinarily found in handbooks . 
and practical information you need in de- 
signing a part that will withstand actual 
operating conditions and at the same time will 
be economical to manufacture. 
Virtually all of the searching for information 
that consumes so much design time s ¢ 
nated. One Library takes the place 
of books, catalogs and mone graphs 
metalworking data at yo 


ASME Metals 


fingertips 


Engineering 
Handbook 
Library 


1972 pp., 
Sponsored by the Metals Engineering Hand. 
book Board of the American Society 

of Mechanical Engineers 


4 vol., 7 x 10, 1072 illus., $43.50 


Bought one or two at a time, these volumes 
would cost you & to = — 50 to aad te yeur 
reference shelf. 1 rms of this Li- 
brary offer you SAVE $6. 00 aad pay for the 
books as you use them on easy monthly terms 
at no extra cost 

Whether 7ou're designing a new part or struc 
ture, me cove iggy an existing part for produc- 
tion purpos ermining the cause of failure 
in a component you'll welcome the instant, 
expert data and advice compiled for you in 
this Library The four volumes are Metals 
Engineering — Design, Metals Engineering — 
Processes, Metals Properties, and Engineering 
Tables. To examine the Handbook Library for 
10 days free, just mail the coupon below 


FREE TRIAL - EASY TERMS 
SAVE $6.00 








eerews — Book Co., Dept. J* 10-16 

327 | St., New York 36, 

Se 4y me whe ASME Metals saieaeti Handbook 
Library for 10 days’ examination on approval. In 10 
days I will (check one): Remit $43.50 plus few 
cents delivery costs; or $7.50 in 10 days, and 
$9.00 a month for 4 months I will 
return books postpaid 


Otherwise 
Print name ........ 


Address 


Co. & Position 
For prices and terms outside U.S.A. 
write McGraw-Hill Int'l, N.Y.C. 
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shock conditions. Cutaway and di- 
mension drawings are included. Han- 
nifin Co, Dept 126, 501 S Wolf Rd, 
Des Plaines, Ill. 
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VACUUM METALLIZING — Bro- 
chure 584, 16 pp. Reviews advtanges 
of process over other metal-deposition 
techniques, current applications an 
suggestions on lacquering and filament 
arrangement. Also provides specifica- 
tions of vacuum metallizing equip- 
ment, including 24-, 36-, 48- and 72- 
in. dia chambers. F J Stokes Corp, 
5500 Tabor Rd, Philadelphia 20. 
CIRCLE 381 ON READER SERVICE CARD 


EPOXY MOLDING COMPOUNDS 
—Bulletin 1501-8-1, 4 pp. Outlines 
molding methods and mold design, 
applications, and illustrates typical 
procedures with new material under 
actual production conditions. Ameri- 
can-Marietta Co, 3400 13th Ave SW, 
Seattle 4. 
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V-BAND COUPLINGS — Booklet 
SDP-2, 16 pp. Supplies specific cost 
comparisons between V-bands and 
other joining methods. Also discusses 
V-band’s adaptability of design for 
manufacturers of filters, separators or 
containers. Marman Div, Aeroquip 
Corp, 11214 Exposition Blvd, Los 
Angeles. 
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LOW SPEED SYNCHRONOUS 
MOTORS—Booklet 502, 12 pp. Con- 
struction, modifications, basic consid- 
erations and application data chart 
giving typical torque requirements for 
normal applications in all fields are 
presented. Includes typical motor in- 
stallation photos. Ideal Electric & 
Mfg. Co, Dept 137, Mansfield, Ohio. 
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PHENOLIC MOLDING COM- 
POUNDS—Bulletin CDC-394, 6 pp. 
Lists typical applications and design 
properties of these materials and com- 
pares their costs with those of metals. 
General Electric Co, Chemical Ma- 
terials Dept, Pittsfield, Mass. 
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PLASTIC BALLS—Bulletin, 4 pp. 
Supplies physical characteristics, tol- 
erances and typical applications for 
seamless balls made of six different 
plastic materials, including nylon and 
Teflon. Also describes several modi- 
fications that can be made in balls. 
Ace Plastic Co, 91-30 Van Wyck 
Expressway, Jamaica 35, NY. 
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Ka 
USP _ 


COMPONENTS... 
do the job better 


Why? Because... modern wire is the 
preferred material thanks to its styling 
versatility, strength, lasting beauty and 
durability. Because. . . wire, welded in 
the required shape and size, plated in 
the finish desired, is fundamentally 
essential to the appeal, 
sales and satisfaction 

of your product. Better 
yet, wire components 

are comparably more 

economical! 


So... if you are planning a product 
in which you can effi- 
ciently utilize welded- 

wire components, 
remember .. . designing, 

fabrication and finish- 

ing is our business; 
as it has been for over 

60 years. Anything 

. made of wire to 
your specifications. 


Make your manufacturing dollar 
go further. Call Union Steel for 
immediate service—today ! 


UNION STEEL 
PRODUCTS CO. 


510 N. Berrien Street 
Albion, Michigan 


Since 1903 


159 











EMPLOYMENT OPPORTUNITIES 


‘The Aérertioumente tm this sostion inctade oll employment opportunities—execu - 
tive, ical, selling, office, skilled, manual, etc. 


Positions Vacant Civil Service Opportunities Employment Agencies 
Positions Wanted Selling Opportunities Wanted Employment Services 
Part Time Work Selling Opportunities Offered Labor Bureaus 


fo f 4 DISPLAYED ———RATES——— UNDISPLAYED 
The advertising rate is $37.00 per inch for all adver- $2.10 per line, minimum 3 lines. To Come advance 
payment count 5 average words as a line. 


tising appearing on other than s contract beais. 
Frequency rates quoted on request. Position Wanted Ads are % of above rate. 


Box Numbers—counts as | line. 
An advertising inch is measured %” vertically on s iscou mad ance 
column—3 columns—30 inches to @ page. a pA ts yt. is e in adv 
Subject to Agency Commission. Not subject to Agency Commission. 


Send NEW ADS to Classified Advertising Div. of PRODUCT ENGINEERING, P. 0. Box 12, N. Y. 36, N. Y. 
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Investigate for yourself the PRODUCTS WANTED: Well established 
savings possible with Mecatorn research and development company de- 


ohh Your Inquiries to | sires to contact designers and inventors 


having new, novel and original ideas or 


for com plete details and latest Adi + Will | inventions for toy or hobby field. Royalty 
vertisers f/ or outright purchase. Prefer items two 


yricing formation 
pricing intormatl dollars retail and higher. Any accepied 


Have Special Value ao medium OK. Please send for submission 
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REPRINTS 





The following special reports are avail- | 


able as long as the supply lasts—from 
Reader Service Dept., 
ing, 330 W 42nd St, 
Please enclose remittance; we pay post- 
age. 


Rolling-element Bearings $2 


Ball, roller and thrust bearings—their se- 


lection, test and analysis of their failures, 
64 p. 


Design with Steel $2 
Latest design data for a wide range of 
steels and alloys for high strength and 
high temperature, 64 p. 


The New Mathematics $2 
Combined reprint of 18 articles with cov- 
erage in depth of the latest math tools of 
systems engineering, 64 p. 


Wk’ and Motor Selection $2 
How to calculate rotational inertia and 
what it means in duty-cycle selection of 
motors and drives, 64 p. 


Engineering Models $2 
Working prototypes as well as 3-D 
“sketches”; here’s how to design and 
make them, 64 p. 


Shortcuts for Longhand Computation $2 
How to get the most from your sliderule. 
How to design nomographs. What’s avail- 
able in tabled data, 64 p. 


Patent Problems $1.50 
Review of Patent Office procedure and 
discussion of American and foreign laws 
and how they affect inventors, 48 p. 


Human Engineering $1.50 
Series of 14 articles with design data on 
man-machine problems and human di- 
mensions, plus bibliography, 44 p. 


Creativity $1 
Combined reprint of 10 articles on the 
facts behind the fad, 32 p 


Reading, Writing, Reporting $1 
Combined reprint of 5 steps to faster 
reading; 8 steps to better writing; 7 steps 
to better reporting, 24 p. 





Answers to problems on page 126. 
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GROMMETS 
... by the Millions 


Grommets for any conceivable 
industrial purpose from natural, 
all purpose (GR-S), Neoprene and 
Buna-N rubbers 

Western grommets come in 
hundreds of standard sizes, and 
can be ordered in any formulation 
from molds already prepared. 

Western Rubber is fully equipped 
for production of either standard 
or custom designed grommets in 
any size, shape or volume. All are 
quality controlled and economical- 
ly produced to your specifications, 


Write or phone for in- 


formation or a visit by our 
sales engineer in your area. 
SINCE 1902 


WESTERN RUBBER CO. 


GOSHEN 








iE 
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SAVE TIME SAVE MONEY 


Heretofore a flexible shaft was designed 
as a special unit requiring costly, time- 
consuming engineering, 


CIRCLE ESS STANDARD FLEXIBLE SHAFT 
ASSEMBLIES cre versatile enough to fill 


| the demands of many different applications 


and yet offer the advantages of economy 
in time and money. 


They are composed of stock components, 


the finest steel cable, vinyl covered steel 
casing and cadmium plated coupling type 
steel and fittings. 


Send for our new bulletin. Learn about 
this new economical way of buying flexi- 
ble shafts. 


EW. STEWART COF iP 


J RAVENSWOOD Ave 
West Coast Plant: 2404 So. Grand Ave., Los Angeles 7, 
California 
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 - INDIANA 


MOLDED AND LATHE-CUT RUBBER 
PARTS FOR ALL INDUSTRIES 
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MULTIROLL FILES ) 
om. 





[OEM buat pLaNs 
FO ** PROJECT PLANTS 


File constructed in 200 Ibs. test corrugated 
container. 


9 TUBE MODEL Tube 1|.D. 4'8” 








MODEL NUMBER 0930 0936 0942 


Size 
13%x13%xL 31 37 43 
Inside depth 30% 36% 42' 
Price $11.50 $12.00 $12.50 
16 TUBE MODEL Tube I. D. 3!” 
MODEL NUMBER’ 1630 1636 1642 
Size 
13%4x13%xL 31 37 43 
Inside depth 3012 36% 42\ 
Price $12.00 $12.50 $13.00 
Color Med. Gray «+ F.O.B. St. Clair Shores, Mich. 


SOLD DIRECT ONLY 
25 and 49 Tube model avail. Write for brochure. 


ROLL & FILE SYSTEMS, INC. betpoc sss, 


DETROIT 5, MICH 
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TORQ 


SE al i 
DETECTION 
CONTROL 


maat-b ae-ielh 4) 
pelt] Melgeleli-jias 


“SIMPLY 
U POSITIVELY 
bh“ ECONOMICALLY 


@ A single TORQ 
SYNPRO-TEX governor 
eycles an automatic 
washer during spin-dry to 
less than 1G to more than 
1G to balance the load 
get clothes drier and 
make the wash “fluffy”. 
e A TORQ MULTI- 
TECTOR practically runs 
a diesel engine. It cuts 
out cranking motors, en- 
gages and disengages 
cooling circuit, provides 
fuel requirements at dif- 
ferent speeds, then sig- 
nals full speed. 

@ TORQ governors re- 
late fuel supply to air 
supply in power gas 
burners. A single gover- 
nor will purge the com- 
bustion chamber, then 
turn on the gas, and dur- 
ing operation if blower 
falls below required 
speed for any reason, the 
governor shuts off the gas. 
@ In event of overload 
on a saw mill, due to dull 
blades, a TORQ governor 
causes the cutting blade 
to be withdrawn before 
damage can occur. 

@ On electronic equip- 
ment blowers, a TORQ 
governor will cut the 
equipment out of the cir- 
cuit in event of blower 
failure, to protect expen- 
sive electronic compo- 
nents against overheating. 
@ Conveyors are auto- 
matically shut off if they 
fall below predetermined 
safe speed. 

@ TORQ governors 
make an ideal plugging 
switch to cut out the 
motor at low speeds close 
to zero before motor re- 
verses, 

@ On truck refrigerators, 
TORQ governors main- 
tain proper voltage and 
frequency output from 
the alternator by shifting 
it through a solenoid ac- 
tuated transmission at 
pre-calculated truck en- 
gine speeds. 








If your device employs 
a rotating shaft, a TORQ 
gov ernor can sequence it, 
control it, provide signals, 
or monitor it for safety at 
one or many speeds from 
zero to more than 15,000 
rpm. 


Write today for Bulletin 
No. 250. 


Patents & Patents Pending 


TORQ ENGINEERED PRODUCTS, INC. 
60 West Monroe Steet Bedford, Ohio 
Phone: BEdford 2-4100 
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INDEX TO ADVERTISERS 


This index is published ag a convenience to the readers. 


Every care is taken to make it accurate but 


PRODUCT ENGINEERING assumes no responsibility for errors or omtssions 


A. P. M. Corp 150 
Acme Electric Corp 134 
Allen-Bradley Co. 9 
American Cast Iron Pipe Co 115 
American Chain & Cable Co., Inc., 

Automotive & Aircraft Div 44 
American Cyanamid Co., Plastics & Resins Div 66 
American-Standard Controls Div 55 
American Steel & Wire Div., U. S. Steel Corp. 36-37 
Anaconda Metal Hose Co 7 
Armco Steel Corp 42-43 
Automatic Switch Co 1 
Barber-Colman Co. 157 
Bead Chain Mfg. Co 156 
Beckman Instruments, Inc., Helipot Div 141 
Blaw-Knox Co., Foundry Div 35 
Bodine Electric Co 
Bound eae —— Corp. of America 
Chace Co., W. 

Char- Lynn. to. 
Cherry Electrical Products Cor 
Cincinnati Milling Machine Co., 
Circle Seal Products Co., Inc 
Clearprint Paper Co 
Commercial Cam & Machine Co 
Crane Packing Co 
Cutler-Hammer, Inc. 
Deico Moraine Div., General Motors Corp 
— Engineering Div., American Brake Shoe 
Designers Metal Div. of Southern Electric, Inc 
Disogrin Industries Div., Pellon Corp. 
Dow Corning Corp 39 
Dow Metal Products Co., Div., Dow Chemical Co 
Driv-Lok Sales Corp 

(Inc.), E. 

(Inc.), E. 


38 
3rd Cover 
139 


p 
Cimtro! Div 


du Pont de Nemours & Co., 
chemicals Dept. 
du Pont de Nemours & Co., 


Dept. 
Durametallic Corp. 
EMD Components, Inc. 
Eastman Kodak Co., Recordak Corp., Subs 
Eaton Mfg. Co., Dynamatic Div 
Elliott Co. 
Enjay — Co., Div? of Humble Oii & Re- 
ni 
Faber- asteil Pencil Co., Inc., A. W 
Fairbanks Co. 
Federal-Mogu! Div., 
ings, Inc. 
Flexonics Div., a & Hecla, Inc 47 
Formed Tubes, Inc 111 
Formsprag Co. 135, 137 
— Sylphon Div., Robertshaw-Fulton Controls 


0. 
Gates Rubber Co 31 
General Electric Co 64-65 
Globe Industries, Inc 48 
Aviation Products : 


Federal-Mogul-Bower 


a - Tire & Rubber Co., 
iv. 
Grip Nut Co., Subs., Heli-Coil Corp 
Hamilton WY Co., Metals & Electronics Div 
Haydon Co., Ww 
Heller Co., Gerald K 
Hitchiner Mfg. Co 
Howard Industries, Inc 
Hubbell, Inc., Harvey, Machine Screw Dept 
Industrial Retaining Ring Co 
Industrial Tectonics, Inc 
Ingersoll Products Div. of Borg-Warner Corp 
Instruments, Inc. 
International Nickel Co., 
Johnson Corp. 
Johnson Machine Co., 
Kennametal, Inc. 
Lamb Electric Co 
Lima Electric Motor Co., Inc 
Linde Co., Div. of Union Carbide Corp 
Link-Belt Co. 
Logansport Machine Co., Inc 
Lucas Milhaupt Engineering Co 
Lyon Metal Products, Inc 
McGill Mfg. Co., Inc 
McGraw-Hill Book Co., 
Marlow Pumps, Div. of pull & Gossett Co 
Mayline Co., Inc 
Mechanical Industries Production Co 
Meehanite Metal Corp 
Merriman Brothers, Inc., Lubrite Div 
Midwest Stee! Co., Div., National Stee! Corp 
Miller Fluid Power Div., Flick-Reedy Corp 
Mueller Brass Co 
National Lock Washer Co 
Newton-New Haven Co 
Ohio Rubber Co 
Perfecting Service Co 
Plastic & Rubber Products Co 
Post Co., Frederick 4 
RapiDesign, Inc. 
Ravbestos-Manhattan, Inc. 

Manhattan Rubber Div 

Packing Div. ls 
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Reproduction m Englacert ng Corp 116 
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Servotronics, Inc. 6 
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Sinko Mfg. & Tool Co 

Skinner Electric Valve Div., 

Spaulding Fibre Co., Inc 

Square D Co 

Stewart Corp., F. W 

Timken Roller Bearing Co 

Tinnerman Products, Inc 

Torngren Co., Inc., C. 

Torq Engineered Products, Inc 

Troy Mills, Inc., Industrial Products Div 

Tuthill Pump Co 

Unimax Switch Div., Maxson Electronics Corp 

Union Steel Products Co 

United States Steel Corp 

Vv. & E. Mfg. Co 

Vaicor Engineering Corp 

Vernitron Corp 

Wagner Electric Corp 

Waldes Kohinoor, Inc., 

Waldron-Hartig Div., 

Ward Hydronics, Inc. 

Waukesha Foundry Co 

Weckesser Co., Inc 

Weirton Steel Co., Div., National Steel Corp 

Western Rubber Co 

Wiggins Oil Tool Co., Inc., E. B 

Williams- — ae Co 

Wood’s Sons Co., T. 

World Bestos Cre oW., 
ber Co. 

Worthington Corp. 

Zero-Max Co. 


Skinner Chuck Co 


Truarc Div 
Midland-Ross Corp 


Firestone Tire & Rub- 





W. D. LANIER, Jr. advertising sales manager 
WALTER PERSSON mgr. marketing services 
R. W. BARNETT circulation manager 
RUSSELL T. DOUGLAS business manager 


ADVERTISING SALES STAFF 


ATLANTA 9 .. . Ray K. Burnet, 
tree St., N.E., 875-0523 

BOSTON 16 M. A. Williamson, Jr., 
McGraw-Hill Bldg, Copley Square, Congress 
2-1160 

CHICAGO 11... A. E. Meanor; T. R. Coash, 
645 N. Michigan Ave, Mohawk 4-5800 

CINCINNATI 2 . P. B. Robinson, Carew 
Tower, Garfield 1-5474 

CLEVELAND 13 lee Anderson, 1164 
Illuminating Bldg, 55 Public Sq, Superior 
1-7000 

DALLAS 1 Frank LeBeau, 901 Vaughn 
Bldg, 1712 Commerce St, Riverside 5-7117 

DENVER 2... John W. Patten, Tower Bldg, 
1700 Broadway, Alpine 5-2981 

DETROIT 26... P. B. Robinson, 856 Penobscot 
Bldg, Woodward 2-1793 

HOUSTON 25 D. O. Hanson, 
Prudential Bldg, Jackson 6-1281 

LOS ANGELES 17 . . . Robert Obenour, 
West 6th St, Huntley 2-5450 

NEW YORK 36... B. K. Adams, F. J. Mc- 
Kinley, 500 Fifth Ave, Oxford 5-5959 

PHILADELPHIA 3... John B. Lewis, H. M. 
Nicholson, 6 Penn Center Plaza, Locust 
8-4330 

PITTSBURGH 22 ... C. F. Leveroni, 4 Gateway 
Center, Express 1-1314 

PORTLAND 4, ORE. . . . Scott Hubbard, 445 
Pacific Bldg, Capital 3-5118 

ST. LOUIS 8 .. . T. R. Coash, 3615 Olive St., 
Continental Bldg, Jefferson 5-4867 

SAN FRANCISCO 11 . J. J. Hernan, 255 
California St, Douglas 2-4660 


SUBSCRIPTIONS: Send 
change of addess to Fulfillment Manager 

ENGINEFRING, 330 W. 42nd St., New York 36. 
Subscribers should notify Fulfillment Manager Ewe 
of any change of address including postal zone number 
if any. » enclose an address label from a 


1375 Peach- 


W-724 


1125 


subscription correst panes. + -: e ar 
o- c a 


w one month 
for change of address to become effective. Subscriptions 
are solicited only from executive, engineers and con 
sultants engaged in the design of machinery and other 
engineered products Position and company connection 
must be indicated on subscription orders. 


OFFICERS OF THE PUBLICATIONS DIVISION: Nelson I 
Bond, President; Shelton Fisher, Wallace Traendly, 
Senior Vice-Presidents; John R. Callaham, Vice-President 
and Editorial Director; Joseph — Allen, Vice-President 
and Director of Advertising Sales; A, R. Venezian, Vice- 
President and Circulation C sodinator; Daniel F. Crowley, 
Vice President & Controller. OrFig ERS OF THE COR- 
PORATION: Dona , President; Hugh 
Kelly, Harry I Waddell, Executive Vice mw. WL 
L. Keith Goodrich, Executive Vice-President and Treas- 
urer; John J. Cooke, Vice-President & Secretary 
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PERSONAL 
READER 
SERVICE 


NEW COMPONENTS 





GENERAL ENGINEERING 


341—Metric-English Conversion Calculator 


345—Drawing Table 


RESEARCH AND TEST EQUIPMENT 


340—-Alr-operated Dynamometer 
342—-Air Damping Dashpot Kit 
343——Connector Kits 


844——Coaxial Torque Sensor 


METALS AND ALLOYS 


335—Stainless Steel Tubular Shapes 


336—Low Work-hardening Stainless 


NON-METALLIC MATERIALS, FINISHES 


334—-Low Density Foam in Place Resin 
437—Powdered Epoxy Foams 
338—High-strength Epoxy Adhesive 


Teflon Spiral Tubing 


POWER TRANSMISSION 


313—Fhp Gear Motors, Boxes 
325—Size 11 Clutch-Brakes 


329—Heavy-duty Transmission 


MECHANICAL PARTS 


316—Flange Rod Seal 


FASTENING AND JOINING 


317—Self-anchoring Threaded Insert 
330—Quick Release Pins 
831—Reusable Locknut 


338—-High-strength Epoxy Adhesive 


use these prepaid cards 
for additional product design data on 


Brochures on advertised products 
New materials and components 


Free article reprints 
New catalogs and bulletins 


Your OWN subscription to: PRODUCT 


MOTORS, ENGINES AND CONTROLS 


300—Low Speed Servomotor 
301—Rotating Cam Limit Switch 
306—Closed Bore Motor Design 
315—Precision Solenoid 

Angle Counters 

Pointer Galvanometer 


Reduction Gear Boxes 


ELECTRICAL, ELECTRONIC 
COMPONENTS 


301—Rotating Cam Limit Switch 
302—Transducer 
303—-Heavy Duty Stepper Switch 
307—-Universal Terminal Block 
309—Miniature Pneumatic Timer 
310—Flat Conductor Cable Connector 
311—Load Cell 
Edge Reading Meters 
Precision Solenoid 
Elapsed Time Meter 
Noiseless Rotary Switches 
Snap-action Altitude Switch 
Semiconductor Strain Gage 


Magnetic Hold-in Switch 


HYDRAULIC, PNEUMATIC EQUIPMENT 


302—Transducer 
404—Square Head Cylinder 
305—20-gal. Accumulator 
308—Adjustable Flow Divider Valve 
314—Stainless Steel Air Cylinders 
Bleeder Valve 
Right Angle Valve 
\%-in. Valve 


Stainless Steel Filters 


ENGINEERING 


CIRCLE 

number that corresponds 
to numbers printed 
under each 
advertisement, 

new component 

or bulletin 


PRINT OR TYPE 


your name, 
company and 
address 


TEAR OFF 


AND MAIL 
we'll gladly 
do the rest 





(~lease print or type) For personal subscription one yeor, $3. Check box (_) 
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Street - ———— = , _____Home [] Plant [_] 

City__ ‘ SSS OO 


AND MAY WE HAVE THIS INFORMATION ON YOUR COMPANY 





| 24 47 70 93 116 139 162 309 332 355 378 241 | MAJOR PRODUCT MANUFACTURED 
2 25 48 71 94 117 140 163 310 333 356 379 242 | 1 7 Agricultural Equipment 

3 26 49 72 95 118 141 164 311 334 357 380 243 | 9 © Aircraft, Missiles, Rockets 

4 27 50 73 96 119 142 165 312 335 358 38! 244 | 3 5 Appliances, Radio, TV 

5 28 51 74 97 120 143 166 313 336 359 382 245 | 4 7 Auto, RR, Trans. Equip. 

6 29 52 75 98 121 144 167 314 337 360 383 246 | 5 F Business & Commercial Machines 
7 30 53 76 99 122 145 168 315 338 361 384 247 | 6 F Construction, Mining Equip. 

8 31 54 77 100 123 146 169 316 339 362 385 248 | 77 Elect. Machinery & Apparatus 
9 32 55 78 10! 124 147 170 317 340 363 386 8 [ Industrial Machinery & Equip. 
10 33 56 79 102 125 148 171 318 341 364 387 9 C) Instruments & Scientific Equip. 
11 34 57 80 103 126 149 172 319 342 365 388 10 () Ordnance & Accessories 

12 35 58 81 104 127 150 173 320 343 366 389 11 0 Other Fabricated Metal Pdts. 
13 36 59 82 105 128 15! 174 321 344 367 390 

14 37 60 83 106 129 152 175 322 345 368 391 REPRINTS 

15 38 6! 84 107 130 153 300 323 346 369 392 

16 39 62 85 108 131 154 301 324 347 370 393 61! 617 623 629 
17 40 63 86 109 132 155 302 325 348 371 394 612 618 624 630 
18 41 64 87 110 133 156 303 326 349 372 395 

19 42 65 88 IIl 134 157 304 327 350 373 39% 613 ot? 625 63! 
20 43 66 89 112 135 158 305 328 35! 374 397 614 620 626 632 
21 44 67 90 113 136 159 306 329 352 375 398 615 62! 627 633 
22 45 68 91 114 137 160 307 330 353 376 399 616 622 628 634 
23 46 69 92 115 138 16! 308 331 354 377 400 Retz 











FOR YOU: USEFUL NEW DESIGN IDEAS! 


Have your personal copy of PRODUCT ENGINEERING sent every other week to 
your office or home. ACT NOW. Fill out this card today. Don’t miss a single issue. 
U.S. only [] 1 year—NOW $3 [] 2 years—NOW $4 


For Subscription Outside U. S., Contact Publisher [] Payment Enclosed [] Bill me 








Name - — a cnedeiiiianad - ___Your Title 





Home [ | __ A ae Re 





Address Office [_ ee 


City__ a are ee ee 





Company Name - . a __Your Dept. = 


Products Mfgd. or Designed — janbieteneeenciamaan ea 


Please check your job function: 





["] Product Design Engineering [] Research & Development 

[] Manufacturing Engineering 

[] Administrative Engineering [_] Company Management 
Other__ secant halpeassiieiiiiannietinasinsiaibinitaeastaleaicansti 


(please print or type) For personal subscription one year, $3. Check box () 


Name Title ™ nema 
Company — pcan — 
Street Home Plant [ _ 
City Zone State 


AND MAY WE HAVE THIS INFORMATION ON YOUR COMPANY 





| 24 47 70 93 116 139 162 309 332 355 378 241 | MAJOR PRODUCT MANUFACTURED 
2 25 48 71 94 117 140 163 310 333 356 379 242] 1 © Agricultural Equipment 

3 26 49 72 95 118 141 164 311 334 357 380 243 | 21 Aircraft, Missiles, Rockets 

4 27 50 73 9 119 142 165 312 335 358 381 244] 3 6 Appliances, Radio, TV 

5 28 51 74 97 120 143 166 313 336 359 382 245 | 4 © Auto, RR, Trans. Equip. 

6 29 52 75 98 121 144 167 314 337 360 383 246 | 5 5 Business & Commercial Machines 
7 30 53 76 99 122 145 168 315 338 36! 384 247 | 6 CF Construction, Mining Equip. 

8 31 54 77 100 123 146 169 316 339 362 385 248 | 7 © Elect. Machinery & Apporatus 
9 32 55 78 101 124 147 170 317 340 363 386 8 ( Industrial Machinery & Equip. 
10 33 56 79 102 125 148 171 318 341 364 387 9 C] Instruments & Scientific Equip. 
it 34 57 80 103 126 149 172 319 342 365 388 10 (1 Ordnance & Accessories 

12 35 58 81 104 127 150 173 320 343 366 389 11 ©) Other Fabricated Metal Pdts. 
13 36 59 82 105 128 15! 174 321 344 367 390 

14 37 60 83 106 129 152 175 322 345 368 39! REPRINTS 

15 38 61 84 107 130 153 300 323 346 369 392 

16 39 62 85 108 131 154 301 324 347 370 393 61 617 623 629 
17 40 63 86 109 132 155 302 325 348 371 394 612 618 624 630 
18 41 64 87 110 133 156 303 326 349 372 395 

19 42 65 88 III 134 157 304 327 350 373 39% ots wed 628 63! 
20 43 66 89 112 135 158 305 328 35! 374 397 614 620 626 632 
21 44 67 90 113 136 159 306 329 352 375 398 615 62! 627 633 
22 45 68 91 114 137 160 307 330 353 376 399 616 622 628 634 
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CATALOGS | 





METALS AND ALL< 


371—Brass Strip, 4 
Copper Co 


374—Brasses and Ti 
side-Alloy Metal 


NON-METALLIC M. 


362—Silicone Rubber. 
Rubber Product 


367—Diallyl Phthala 
pregs, 10 pp, F! 


368—Ceramic Materis 
Works 


369—Rod and Sheet, : 
ing Inc 


370—Adhesives, Seal 
Magichemical C 


382—Epoxy Molding 
American-Mariet 


385—Phenolic Moldin 
General Electric 


FABRICATION PRO 
AND PRODUCTION 


366—Expansion Asse 
Cincinnati Sub-; 


3877—Precision Castin 
ing & Engineeri 


381—Vacuum Metalli: 
Corp 

382—-Epoxy Molding 
American-Mariet 


MECHANICAL PAR 


360—Miniature Preci 
MPB Ine 


361—Metal Seals, 38 


376—Sleeve Bearings, 
Co 


386—Plaatic Balls, 4 


FASTENING AND . 


370—Adhesives, Seal 
Magichemical C 


883—V-band Couplin; 
Corp, Marman | 


MOTORS, ENGINES 


3878—Shaft Angle Enc 
Control Co Ine 

884—Low Speed Sync 
Ideal Electric & 


3S AND BULLETINS 





ALLOYS 


ip, 4 pp, Chase Brass & 


J 


nd Tin-brasses, 4 pp, River 
Metal Div, H. K. Porter Co 


C MATERIALS, FINISHES 


ubber, 60 pp, Mechanical 
oducts Co 


ithalate Resin-Based Pre 
pp, FMC Corp 


laterial, 6 pp, Corning Glass 


heet, chart, Emerson & Cum 


Sealants, Coatings, 8 pp 
cal Co 
Iding Compounds, 4 pp, 


Marietta Co 


folding Compounds, 6 pp 
lectric Co 


PROCESSES 
TION 


Assembly Methods, 12 
Sub-Zero Products 


PP, 
“asting, 18 pp, Atlantic Cast 
ineerimg Corp 

etallizing, 16 pp, F J Stokes 
Iding Compounds, 4 pp 
Marietta Co 

PARTS 

Precision Bearings, 64 


8s, 38 pp, Harrison Mfg Co 


rings, 4 pp, Johnson Bronze 


ills, 4 pp, Ace Plastic Co 


ND JOINING 

Sealants, Coatings, 8 pp 
ral Co 

uplings, 16 pp, Aeroquip 
nan Div 


INES AND CONTROLS 


e Encoders, 8 pp, Computer 
Ine 


Synchronous Motors, 12 pp, 
tic & Mfg Co 


ELECTRICAL, ELECTRONIC 

COMPONENTS 

365—Multiple Pushbutton Switches, 12 pp, 

Switchcraft Ine 

373—Shaft Angle Encoders, 8 pp, Computer 
Control Co Ine 


HYBRAULIC, PNEUMATIC EQUIPMENT 


363—Solenold Valves, Automatic 


Switch Co 


16 pp, 


$64—Tube Couplings, 8 pp, Wiggins Oil Tool 
Co 
372—Ball Valves, 4 pp, Worcester Valve Co 


Ine 
Pneumatic Instruments, 4 pp, Ameri 


can Meter Co 


380—Air Power Cylinders, 4 pp, Hannifin 
Co 


LUBRICANTS AND 
LUBRICATION SYSTEMS 
375—Lubricants, 8 pp, Alpha-Molykote Corp 
379—Lubrication Systems, 36 pp, Research 
Appliance Co 


EDITORIAL REPRINTS 





(Single reprints free) 


611—WHICH CLUTCH 
612—VALUE IN DESIGN 
613—FAILURE ANALYSIS 


614—TOMORROW’'S POWER 
SOURCES 


615—NEW GEAR CLASSIFICATION 


616—UNCONVENTIONAL POWER 
SOURCES 


617—METAL FINISHES 
618—MECHANICAL COUNTERS 
619—NONSTANDARD SPUR GEARS 
620—HOT AIR FOR TESTING 


621—NEW EQUATIONS FOR U- 
SPRINGS 


622——DEFLECTIONS OF COMPLEX 
BEAMS 


623——PRECLEAN SURFACES FOR AD- 
HESIVE BONDING 


624—WHICH ROAD UP — TECHNI- 
CAL OR MANAGEMENT 


625—GAS- OR LIQUID-LUBRICATED 
BEARINGS 


626—ANGLE AND POSITION-MEAS- 
URING TRANSDUCERS 


627—HOW TO SELECT DRAFTING 
PAPER 


628—MAGNETIC CLUTCHES 
629—ROCKING MECHANISMS 
630—TODAY'S FLUID LUBRICANTS 
631—CRITICAL-PATH SCHEDULING 
632—COMPLEX FLAT SPRINGS 
633—FORMABILITY 


634—STRESS ANALYSIS 
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Every bearing order “weighs” the same at Bound Brook 


We give the same special attention to each 
order . 
gineering through production through shipping. 


. every step of the way, from en- 


Our two manufacturing plants give us the 
extra flexibility to meet equally well the needs 


penn all | 
_—_ 4 


of the smallest manufacturer . . . or the largest. 
Whatever your quantities and designs for self- 
lubricated iron and bronze bearings . . . you 
can rely on Bound Brook for “‘custom”’ service 
and prompt deliveries. 


BOUND BROOK BEARING 


CORPORATION OF AMERICA 


A BIRFIELD COMPANY 
Pioneer in Powder Metallurgy Bearings and Parts + Plants at Bound Brook, N.J. and Sturgis, Mich. 





How Allis-Chalmers reduces maintenance, 
boosts work capacity of their crawler tractors 





To design both greater work capacity and reduced 
maintenance into their crawler tractors, Allis- 
Chalmers engineers used Timken® tapered roller 
bearings for the heavy duty track rollers. 

Timken bearings work with the steel sealing rings 
to effect a positive seal that makes one-time lubrica- 
tion possible. Timken bearings keep all parts 
precisely aligned. They protect the seal by minimiz- 
ing side thrust and wobble, eliminate wear that 


ENGINEERING ASSISTANCE, early 
in the design stage, helps manu- 
facturers stretch bearing dollars. 
Timken bearing engineers have the 
training to do the job and are eager nomical and 


to help you. applications. 


METALLURGICAL LAB develops the 
steels that will make tomorrow’s 
Timken bearings last even longer, 
help customers to design more eco- 
durable 








makes bushing-type assemblies impossible to seal 
positively. And the tapered design lets Timken 
bearings take both radial and thrust loads. Full-line 
contact between rollers and races provides extra 
load-carrying capacity—extra work capacity. 

And to deliver more power where it’s needed, 
Timken bearings are also used in the bevel and 
clutch shaft, final drive pinion, intermediate and 
sprocket shafts, track idlers and support wheels. 





Industry rolls on 


TIMKEN 


tapered roller bearings 











The Timken Roller Bearing Company, 
Canton 6, Ohio. Cable: ‘““Timrosco”’. 
Makers of Tapered Roller Bearings, 
Fine Alloy Steel and Removable 
Rock Bits. Canadian 
Canadian Timken, St. Thomas, Ont. 


bearing Division: 
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